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(54) Pyrrolobenzodiazepines 

(57) Compounds of the formulae la and lb: 
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(lb) 



CM 
< 
O 

CM 
CO 
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wherein: 

A is CH 2 , or a single bond; 

FU is selected from: R. OH, OR, C0 2 H, C0 2 R, COH, COR, S0 2 R, CN; 

rI R, and Rg are independently selected from H, R, OH, OR, halo, amino, NHR, n,.ro, Me 3 Sn; 
and R. is seTected Irom H. R, OH, OR, halo, amino, NHR, ni.ro, Me 3 Sn. where R -s as defmod above, or the 
compound is a dimor with each monomer being the same or different and being of formula la or lb, where the Re 
groups of the monomers form together a bridge having the formula -X-R'-X- linking the menomers, where R js an 
alkylene chain containing from 3 to 1 2 carbon atoms, which chain may be in.errup.ed by one or more j^tero-atoms 
and/or aromatic rings and may contain one or more carbon-carbon double or triple bonds, and each X ,s .ndepend- 
ently selected from O, S, or N; 

except .hat in a compound of lormula la when A is a single bond, then R 2 is not CH=CH(CONH 2 ) or CH=CH(CONMc 2 ). 
Other related compounds are also disclosed. 
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Description 



Background to the invention 

5 [00011 Some pyrrolobenzodiazepines (PBDs) have the ability to recognise and bond to specific sequences of DNA; 
the preferred sequence is PuGPu. The first PBD antitumour antibiotic, anthramycin, was discovered in 1965 (Leim- 
gruber et at., 1965 J. Am. Chem. Soc. r 87, 5793-5795; Leimgruber et ai, 1965 J. Am. Chem. Soc., 87, 5791-5793). 
Since then a number of naturally occurring PBDs have been reported, and over 10 synthetic routes have been devel- 
oped to a variety of analogues (Thurston era/., 1994 Chem. Rev. 1994, 433-465). Family members include abbeymycin 

w (Hochlowski ef at., 1987 J. Antibiotics, 40, 145-148), chicamycin (Konishi ef ai, 1984 J. Antibiotics, 37 : 200-206), DC- 
81 (Japanese Patent 58-1 80 487; Thurston et ai., 1 990, Chem. Brit., 26, 767-772; Bose ct ai, 1 992 Tetrahedron, 48, 
751-758), mazethramycin (Kuminoto ef at., 1980 J. Antibiotics, 33, 665-667), neothramycins A and B (Takeuchi et ai, 
1976 J. Antibiotics, 29, 93-96), porolhramycin (Tsunakawa et ai, 1988 J. Antibiotics, 41, 1366-1373), prothracarcin 
(Shimizu et at, 1 982 J. Antibiotics, 29, 2492-2503; Langley and Thurston, 1 987 J. Org. Chem., 52, 91 -97), sibanomicin 

15 (DC-102)(Hara ef ai, 1988 J. Antibiotics, 41, 702-704; Itoh ef ai, 1988 J. Antibiotics, 41, 1281-1284), sibiromycm 
(Leber era/., 1988 J. Am. Chem. Soc., 110, 2992-2993) and tomamycin (Arima etai, 1972 J. Antibiotics, 25, 437-444). 
PBDs are ol the general structure: 




They differ in the number, type and position of substituents, in both their aromatic A rings and pyrrolo C rings, and in 
30 the degree of saturation of the C rinq. In the B-ring there is either an imine (N=C), a carbinolamine(NH-CH(OH)). or a 
carbinolamine methyl ether (NH-CH(OMe)) at the N10-C11 position which is the electrophilic centre responsible for 
alkylating DNA. All of the known natural products have an (^-configuration at the chirat C11a position which provides 
them with a right-handed twist when viewed from the C ring towards the A ring. This gives them the appropnate three- 
dimensional shape for isohelicity with the minor groove of B-form DNA, leading to a snug fit at the binding site (Kohn, 
35 1975 In Antibiotics Hi Springer-Verlag, New York, pp. 3-11 ; Hurley and Needham-VanDevanter, 1986 Acc. Chem. 
Res.. 19, 230-237). Their ability to form an adduct in the minor groove, enables them to interfere with DNA processing, 
hence their use as antitumour agents. 



40 



Disclosure of the invention 

[0002J A first aspect of the present invention is a compound with the formula la or lb: 




wherein: 



55 A is CH 2 , or a single bond; 

R2 is selected from: R. OH, OR. C0 2 H, C0 2 R, COH, COR, S0 2 R. CN; R 6 , R 7 and R 9 are independently selected 
from H. R, OH, OR. halo, amino, NHR. nitro, Me 3 Sn; 

where R is a tower alkyl group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an atkyl group with one or 
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more aryl substituents), preferably of up to 12 carbon atoms, whereof the alkyl group optionally contains one or 
more carbon-carbon double or triple bonds, which may form part of a conjugated system, or an aryl group, pref- 
erably of up to 12 carbon atoms: and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, 
and optionally containing one or more hetero atoms which may form part of, or be, a functional group; or R 7 and 
R Q together from a group -0-(CH 2 ) p -0-, where p is t or 2; 

and R 8 is selected from H, R, OH, OR r halo, amino, NHR, nitro, Me 3 Sn, where R is as defined above, or the 
compound is a dimer with each monomer being the same or different and being of formula la or lb, where the R a 
groups of the monomers form together a bridge having the formula -X-R'-X- linking the monomers, where R* is an 
alkylene chain containing from 3 to 1 2 carbon atoms, which chain may be interrupted by one or more hetero-atorns 
and/or aromatic rings, e.g. benzene or pyridine, and may contain one or more carbon-carbon double or triple bonds, 
and each X is independently svir- -ted from O, S, or N; except that in a compound of formula la when A is a single 
bond, then R 2 is not CH^CH(CUNH 2 ) or CH^CH(CONMe 2 ). 

[0003] If A is a single bond then R 2 is bonded directly to the C-ring of the PBD. 

[0004] If R is an aryl group, and contains a hetero atom, then R is a heterocyclic group. If R is an atkyl chain, and 
contains a hetero atom, the hetero atom may be located anywhere in the alkyl chain, e.g. -0-C 2 H 5 , -CH 2 -S-CH 3 , or 
may form part of or be a functional group e.g. carbonyi, hydroxy. 

[0005] It is preferred thai In a compound of formula la when A is a single bond, then R 2 Is not CH=CR A R B , where 
R A and R 8 are independently selected from H. R c , COR c , CONH 2 , CONHR c , CONR c 2 , cyano or phosphonate, where 
R c is an unsubstituted alkyl group having 1 to 4 carbon atoms. 

[0006] R is preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an aralkyj group, preferably 
of up to 12 carbon atoms, or an aryl group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo, hydroxy, amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It is particularly preferred 
that R is an unsubstituted straight or branched chain atkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4 : carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl ort-butyl. 

[0007] Alternatively, R 7 , R 9 and, unless the compound is a dimer, R 8 may preferably be independently selected 
from R groups with the following stnicturai characteristics: 

(i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyl group; 

(iii) an ethenyl group conjugated to an electron sink. 

[0008] The term 'electron sink 1 means a moiety covalently attached to a compound which is capable of reducing 
electron density in other parts of the compound. Examples of electron sinks include cyano, carbonyi and ester groups. 
[0009] It may be preferred thai A is CH 2 and/or that R 2 is C0 2 H, C0 2 R, CH 2 OH, or CH 2 OR. It may be further preferred 
that R 2 is C02Me, C0 2 f Bu, CH 2 OH, or CH 2 OAc. 

[0010] R 6 , Ry, and R 9 , unless the compound is a dimer, R 8 are preferably selected from H and OR, and more par- 
ticularly H, OMe and OCH 2 Ph. It is further preferred that R 7 and, unless the compound is a dimer, R 8 are OR, more 
preferably OMe or OCH 2 Ph, and that R 6 and R g are H. 

[0011] If A is a single bond, then R 2 is preferably an aryt group, eg Ph, p-MeO-Pn, or an alkyl or alkaryl group which 
contains at least one double bond which forms part of a conjugated system with the double bond of the C-ring, eg 
CH=CH 2 , CH=CH-CH 3 . 

[0012] Compounds of the first aspect of the invention are preferably of formula la. 

[0013] If the compound of formula la or lb Is a dimer, the dimer bridge may be of the formula -0-(CH 2 ) p -0-, where 
p is from 1 to 12, more preferably 3 to 9. 

[001 4] A second aspect of the present invention is a compound with the formula II: 




wherein. 
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R' 2 is selected from: O. CHR" 2 , where R' 2 is selected from H, R, C0 2 R. COR, CHO, C0 2 H, halo; 

R 6 , R, and Rg are independently selected from H, R, OH, OR, halo, amino. NHR, nitro. Me 3 Sn; 

where R is a lower alkyl group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an alkyl group with one or 

more aryl substituents), preferably of up to 12 carbon atoms, whereof the alkyl group optionally contains one or 

5 more carbon-carbon double or triple bonds, which may form part of a conjugated system., or an aryl group, pref- 

erably of up to 1 2 carbon atoms: and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, 
and optionally containing one or more hetero atoms which may form part of, or be. a functional group; 
and R 6 is selected from H, R, OH, OR, halo, amino, NHR, nitro, Me 3 Sn, where R is as defined above or the 
compound is a dimer with each monomer being the same or different and being of formula II, where the R 8 groups 

to of the monomers form together a bridge having the formula -X-R-X- linking the monomers, where R* is an alkylene 

chain containing from 3 to 12 carbon atoms, which chain may be interrupted by one or more hetero-atoms and/or 
aromatic rings, e.g. benzene or pyridine, and may contain one or more carbon-carbon double or triple bonds, and 
each X is independently selected from O, S, or N; or R 7 and R 8 together form a group -0-(CH 2 ) p -0-, where p is 1 
or 2: except that: 

\5 

(0 when R 2 is CH-Et. and R 6 , R 8 and R 9 are H, R 7 is not sibirosamine pyranoside; and 
(ii) when R* 2 is CH-Me, and R 6 and Rg are H, R 7 and R 8 are not both H or both OMe, or OMe and OH respec- 
tively. II R is an aryl group, and contains a hetero atom, then R is a heterocyclic group, i! R is an alkyl chain, 
and contains a hetero atom, the hetero atom may be located anywhere in Ihe alkyl chain, e.g. -0-C 2 H 5: -CH 2 - 
20 S-CH 3 . or may form part of or be a functional group e.g. carbonyl, hydroxy. 

[001 5) R is preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an aralkyl group, preferably 
of up to 12 carbon atoms, or en aryl group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo ; hydroxy, amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 

25 carbon atoms optionally substituted by one or moro halo, hydroxy, amino, or nitro groups. It is particularly preferred 
that R is an unsubstiluted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4, carbon atoms, e.g. methyL ethyl, n-propyl, n-butyl or t-butyt. 

[001 6) Alternatively, R 6 , R 7 and R 9 and, unless thecompound is a dimer, R 8 may preferably be independent selected 
from R groups with the following stmctural characteristics: 

30 

(i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyl group; 

(iii) an ethenyl group conjugated to an electron sink. 

35 [0017) R' 2 is preferably O, CH 2 or CHCH 3 and more preferably CH 2 or CHCH 3 . 

[0018] R 6 , R 7 , and Rg and, unless the compound is a dimer, R 8 are prelerably selected from H and OR and a halogen 
atom, and more particularly H, OMe and OCH 2 Ph, and I. It is further preierred that R 7 and, unless the compound is a 
dimer R 8 are OR or a halogen atom, more preferably OMe, OCH 2 Ph or I, and that R 6 and R 9 are H. Most preferably 
R 8 is BnO. 

40 [0019] If the compound of formula II is a dimer, the dimer bridge may be of the formula -0-(CH 2 ) p -0-, where p is 
from 1 to 12, more preferably 3 to 9, and most preferably 3 to 5. 
[0020J A third aspect of the present invention is a compound with the formula lit: 



(III) 



wherein: 

R 6 , R 7 and Rg are independently selected from H, R, OH, 0R : halo, amino, NHR, nitro, Me 3 Sn; 




55 



where R is a lower alkyl group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an alkyl group with one or more 
aryl substituents), preferably of up to 1 2 carbon atoms, whereof Ihe alkyl group optionally contains one or more carbon- 
carbon double or triple bonds, which may form part of a conjugated system, or an aryl group, prelerably of up to 12 
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carbon atoms; and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, and optionally con- 
taining one or more hetero atoms which may form part of, or be, a functional group; and R 8 is selected from H, R, OH 
OR, halo, amino, NHR, nitro, Me 3 Sn, where R is as defined above or the compound is a dimer with each monomer 
being the same or different and being of formula III, where the R 8 groups of the monomer form together a bridge having 
5 the formula -X-R'-X- linking the monomers, where R* is an aikylene chain containing from 3 to 1 2 carbon atoms, which 
chain may be interrupted by one or more hetero-atoms and/or aromatic rings, e.g. benzene or pyridine, and may contain 
one or more carbon-carbon double or triple bonds, and each X is independently selected from O, S, or N or R 7 and 
R 8 together form a group -0-(CH 2 ) p -0-, where p os 1 or 2; 
wherein at least one of R 6 , R 7 , R 8 and R 9 are not H; except that: 

10 

(i) when Rg and R 9 are H t R 7 and R 8 are not both OMe, OMe and OBn respectively, or OMe and OH respectively; 
(u) when R 6 and R 7 are H t R a and R 9 are not Me and OH respectively; 

(iii) when three of R 6 , R 7 , R 8 and R 9 are H, the other is not Me; 

(iv) when R 6 , R 7 , and R 8 are H, R 9 is not OMe; 

' 5 (v) when R 6 , R 8 and R 9 are H, R 7 is not OMe; and 

(vi) when R 6 , and R 9 are H and R 7 is OMe, the compound is not a dimer. 

[0021 J If R is an aryl group, and contains a hetero atom, then R is a heterocyclic group. If R is an alky! chain, and 
conlains a hetero atom, the hetero atom may be located anywhere in the alkyl chain, e.g. -0-C 2 H 5 , -CH 2 -S-CH 3 , or 

20 may form part of or be a functional group e.g. carbonyl, hydroxy. 

[0022] R is preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an aralkyl group, preferably 
of up to 12 carbon atoms, or an aryl group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo, hydroxy, amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It is particularly preferred 

25 that R is an unsubstituted straight or branched chain aikyl r having 1 to 1 0, preferably 1 to 6, and more preferably 1 to 
A, carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl or t-butyl. 

[0023] Alternatively, R 6 , R 7 and Rq and, unless the compound is a dimer, R 8 , may preferably be independently se- 
lected from R groups with the following structural characteristics: 

30 (j) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyl group: 

(iii) an ethenyl group conjugated to an electron sink. 

[0024] It is preferred that either: 

35 

(i) only one of Rg, R 7 , R 8 and R 9 is H; or 

(ii) at least one of R 6 , R 7 , R 8 , and R 9 is NH 2 ; or 

(m) at feast one of R 6 , R 7: R a and Rg is an aryl group, preferably of up to 12 carbon atoms, which is optionally 
substituted by one or more halo, hydroxy, amino, or nitro groups, and optionally contains one or more hetero atoms 
^0 which may form part of, or be, a functional group. 

[0025] If only one of R 6 , R 7 , R 8 and R 9 , it is further preferred that the A-ring substituents (i.e. those of Re, R 7 , R 9 
and, unless the compound is a dimer, R 8 which are not H) are OR, and are more preferably selected from OMe, and OBn. 
[0026] If at least one of R 6 , R 7; R 8 and R 9 is an aryl group, preferably of up to 12 carbon atoms, which is optionally 
substituted by one or more halo, hydroxy. amino, or nitro groups, and optionally contains one or more hetero atoms 
which may form pan of, or be, a functional group, it is further preferred that at least one of R 6 , R 7 , R 8 and R 9 , is a 
phenyl group optionally substituted by one or more melhoxy, ethoxy or nitro groups, although the nitro groups are less 
preferred. More preferably the aryl group is selected from: Ph and p-MeO-Ph. 
[0027] !f the compound of formula III is a dimer. the dimer bridge may be of the formula -0-(CH 2 ) p -0-, where p is 
so from Uo 12, more preferably 3 to 9. Also in this case, it is preferred that R 6 and R 9 are H, and R 7 is an alkoxy or 
aryloxy group. 

[0028] A fourth aspect of the present invention provides a compound with the formula IV: 
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30 



wherein: 



R 6 , R 7 and Rg are independently selected from H, R, OH, OR : halo, amino, NHR, nitro, Me 3 Sn; 
where R is a lower alkyi group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an alkyl group with one or 
more aryl substituents), preferably of up to 12 carbon atoms, whereof the alkyl group optionally contains one or 
more carbon-carbon double or triple bonds, which may form part of a conjugated system, or an aryl group, pref- 
erably of up to 1 2 carbon atoms, and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, 
and optionally containing one or more heiero atoms which may form part of, or be, a functional group; 
Rq and R 8 " are either independently selected Irom H s R or together form a cyclic amine; and n is from 1 to 7. 

[0029] If R 8 ' and R 8 " form a cyclic amine, then there is usually a single N atom in a ring which is otherwise carbocyciic 
and is preferably 5- or 6- membered and may be saturated or unsaturated. The ring may be fused to another ring 
system which may be aromatic, e.g. being a benzene ring. Thus for example the cyclic amine may be an indolyl or 
isoindolyl group. It is also possible that the cyclic amine contains one or more hetero atoms, in addition to N in the 
amine ring and/or in a fused ring and may also bo substituted by one or more R groups. 

10030] If R is an aryt group, and contains a hetero atom, then R is a heterocyclic group. If R is an alkyl chain, and 
contains a hetero atom, the hetero atom may be located anywhere in the alkyl chain, e.g. -OC 2 H 5 , -CH 2 -S-CH 3 , or 
may form part of or be a functional group e.g. carbonyl, hydroxy. 

[0031] R is preferabty selected from a tower alkyl group having 1 to 1 0 carbon atoms, or an aralkyl group, preferably 
of up to 1 2 carbon atoms, or an aryl group, preferably of up to 1 2 carbon atoms, optionally substituted by one or more 
halo hydroxy, amino, or nitro groups. It is more preferred that R is selected from a tower alkyl group having 1 to 10 
carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It is particularly pre erred 
that R is an unsubstituted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4. carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl or t -butyl. 
35 {00321 It may be preferred that one of R' 8 and R" 8 is a nitrogen protecting group, such as Fmoc. 

[0033] R. is preferably an electron donating group, and is more preferably of the formula OR; particularly preferred 
are the groups OMe. OB. and OBn. The term •electron donating group' means a moiety covalently attached to a 
compound which is capable of increasing electron density in other parts of the compound. 

[0034] In addition R 6 and R 9 arc more preferably selected from H and OR; particularly preferred are OMe, OEl and 

[0035] Alternatively, R 6 , R 7 and R 9 may preferably be independently selected from R groups with the following struc- 
tural characteristics: 

(i) an optionally substituted phenyl group; 
**5 (ii) an optionally substituted ethenyl group; 

(iii) an ethenyl group conjugated to an electron sink. 

[0036] n is preferably 1 to 3, and more preferably 1 . J( ... , 

[0037] A fifth aspect of the present invention is the use of a compound as described in the first, second, third or fourth 

so aspects of the invention in a method of therapy. Conditions which may be treated include gene-based diseases, in- 
cluding for example, neoplastic diseases and Alzheimer's Disease, and also bacterial, parasitic and viral infections. 
Any condition which may be treated by the regulation of gene expression may be treated using compounds of the 
invention. In accordance with this aspect of the present invention, the compounds provided may be administered o 
individuals. Administration is preferably in a "therapeutically effective amount", this being sufficient to show benefit to 

55 a patient. Such benefit may be at least amelioration of at least one symptom. The actual amount administered, and 
rate and time-course of administration, will depend on the nature and severity of what is being treated^ Prescription of 
treatment, e.g. decisions on dosage, is within the responsibility of general practitioners and other medical doctors. 
[0038] A compound may be administered alone or in combination with other treatments, either simultaneously or 



25 



30 



35 



EP 1 193 270 A2 

sequentially dependent upon the condition to be treated. 

[0039] Pharmaceutical compositions according to the presenl invention, and for use in accordance with the present 
invention, may comprise, in addition to the active ingredient, i.e. a compound of formula la, lb, II, Ml or IV, a pharma- 
ceutically acceptable excipient, carrier, buffer, stabiliser or other materials well known to those skilled in the art. Such 
materials should be non-toxic and should not interfere with the efficacy of the active ingredient. The precise nature of 
the carrier or other material will depend on the route of administration, which may be oral, or by injection, e.g. cutaneous, 
subcutaneous, or intravenous. 

[0040] Pharmaceutical compositions for oral administration may be in tablet, capsule, powder or liquid form. A tablet 
may comprise a solid carrier or an adjuvant. Liquid pharmaceutical compositions generally comprise a liquid carrier 
such as water, petroleum, animal or vegetable oils, mineral oil or synthetic oil. Physiological saline solution, dextrose 
or other saccharide solution or glycols such as ethylene glycol, propylene glycol or polyethylene glycol may be included. 
A capsule may comprise a solid carrier such a gelatin. 

[0041] For intravenous, cutaneous or subcutaneous injection, or injection at the site of affliction, the active ingredient 
will be in the form ot a parenterally acceptable aqueous solution which is pyrogen-free and has suitable pH, isotonicity 
and stability. Those of relevant skill in the art are well able to prepare suitable solutions using, for example, isotonic 
vehicles such as Sodium Chloride Injection, Ringer's Injection, Lactated Ringer's Injection. Preservatives, stabilisers, 
buffers, antioxidants and/or other additives may be included, as required. 

[0042] A sixth aspect of the present invention is a pharmaceutical composition containing a compound of any one 
of formulae la, tb, II, III, or IV as described above, and a pharmaceutical^ acceptable carrier or diluent. The preparation 
of pharmaceutical compositions is described in relation to the fifth aspect ot the invention above. 
[0043] A seventh aspect of the present invention provides the use of a compound of any one of formulae la, lb, II, 
III. or IV as described above to prepare a medicament for the treatment of a gene-based disease, preferably a prolif- 
erative disease. The compound of formula la, lb, II, III, or IV may be provided together with a pharmaceutical^ accept- 
able carrier or diluent. The compounds may be used for the selective killing of oxic and hypoxic tumour cells in methods 
for the treatment of cancers, for example leukemias and particularly solid cancers including colon, CNS, renal, and 
lung tumours, including small cell lung carcinoma, and melanomas. In particular, dimers of formula II may be used for 
the selective killing of lung, colon, and CNS tumours and melanomas. The compounds of formula III and IV may be 
used selectively against melanomas. 

[0044] A further aspect of the present invention provides the use of a compound of any one of formulae la, lb, II, III, 
or IV as described above to prepare a medicament for the treatment of a viral, parasitic or bacterial infection. The 
preparation of a medicament is described in relation to the fifth aspect of the invention above. 
[0045] In further aspects, the invention provides processes for preparing compounds according to the first, second, 
third and fourth aspects of the present invention. 

[0046} Aspects of the invention will now be further described with reference to the accompanying drawings in which: 

Figures 1 to 6a/b are synthesis routes for compounds of formula la of the present invention; 
Figures 7 to 14 are synthesis routes for compounds of formula II of the present invention; 
Figures 15 to 25 are synthesis routes for compounds of formula III of the present invention; 
Figure 26 is a synthesis route for a compound of formula IV; 

Figure 27 is a synthesis of an intermediate in the preparation of compounds of formula IV of the present invention; 
Figure 28 is a synthesis routes for compounds of formula IV of the present invention; and 
Figures 29 to 32 are graphs illustrating the cytotoxicity results of examples 5 to 8 respectively. 

Preferred General Synthetic Strategies 

[0047] A key step in a preferred route to compounds of formula la, lb, II, III or IV is a cycllsation to produce the fi- 
ring, involving generation ol an aldehyde (or functional equivalent thereof) at what will be the 11 -position, and attack 
thereon by the Pro-N1 0-nitrogen: 






R, O 
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[0048] In this structure, no C-rtng substitution or unsaturate is shown. R 8 represents 0(CH 2 ) n CH 2 COR' 8 in com- 
pounds ot formula IV. R 10 isa nitrogen protecting group, preferably with a carbamate functionality bonded to the nitrogen 
of the PBD The "masked aldehyde" -CPQ may be an acetal or thioacetal (possibly cyclic), in which case the cyclisation 
involves unmasking. Alternatively, the masked aldehyde may be an aldehyde precursor, such as alcohol -CHOH, in 
5 which case the reaction involves oxidation, e.g. by means of TPAP or DMSO (Swern oxidation). 

[0049] The masked aldehyde compound can be produced by condensing a corresponding 2-subsMuted pyrrolidine 
with a 2-nitrobenzoic acid: 



w 



P^Q 



OH + HU (^) 



?• • ^* P Q 




<5 



[0050] The nitro group can Ihen be reduced lo -NH 2 and protected by reaction with a suitable reagent, e.g. a chlo- 
20 lolormate which provides the removable nitrogen protecting group in the synthesis route. 

[0051] A process involving the oxidation-cyclization procedure is illustrated in scheme 1 (an alternative type of cy- 
clisalion will be described later with reference to scheme 2). 





so [0052] The imine/carbinolamine bond in the PBD (A) can be unprotected by standard methods to yield Ihe desired 
compound, e.g. if R n0 is Alloc, then the deprotection is carried out using palladium to remove the N1 0 protecl.ng group, 
tollowod by the elimination of water to give Ihe iminc. 

[00531 Exposure ot the alcohol (B) (in which the Pro-N10-nitrogen is generally protected as carbamate) to tetrap.o- 
pylammonium perru.hena.e (TPAPyN-mothylmorpholine N-oxide (NMO) over A4 sieves results in oxidation accompa- 
55 nied by spontaneous B-ring closure to afford the desired product. The TPAP/NMO oxidation procedure .s found to be 
particularly convenient lor small scale reactions while the use of DMSO-based oxidation methods, parl.cula.ly Swern 
oxidation, proves superior for larger scale work (e.g. > 1 g). 

[0054] The uncyclized alcohol (B) may be prepared by the reaction ot a nitrogen protect.on reagent of formula D, 
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which is preferably a chloroform ate or acid chloride, to a solution of the amino alcohol C, generally in solution, generally 
in the presence of a base such as pyridine (preferably 2 equivalents) at a moderate temperature (e.g. at 0°C). Under 
these conditions little or no O-acylation is usually observed. 

[0055] The key amino alcohol C may be prepared by reduction of the corresponding nitro compound E, by choosing 
a method which wilt leave the rest of the molecule intact. Treatment of E with tin (II) chloride in a suitable solvent, e.g. 
refluxing methanol, generally affords, after the removal of the tin salts, the desired product in high yield. 
[0056] Exposure of E to hydrazine/Raney nickel avoids the production of tin salts and may result in a higher yield of 
C, although this method is less compatible with the range of possible C and A-ring substituents. For instance, if there 
is C-ring unsaturate (either in the ring itself, or in R 2 or R 3 ), this technique may be unsuitable. 

10 [0057] The nitro compound of formula E may be prepared by coupling the appropriate o-nitrobenzoyl chloride to a 
compound of formula F, e.g. in the presence of K 2 C0 3 at -25*C under a N 2 atmosphere. Compounds of formula F can 
be readily prepared, for example by olefination of the ketone derived from Urans-hydroxy proline. The ketone inter- 
mediate can also be exploited by conversion to the enol triflate for use in palladium mediated coupling reactions. 
[0058] The o-nitrobenzoyl chloride is synthesised from the o-nitrobenzoic acid (or alky! ester after hydrolysis) of 

? 5 formula G, which itself is prepared from the vanillic acid (or alkyl ester) derivative H. Many of these are commercially 
available and some are disclosed in Althuis, T.H. and Hess, H.J., J. Medicinal Chem., 20(1 ) 1 146-266 (1977). 

Alternative Cyclisation (Scheme 2) 

20 [0059] 
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Scheme 2 

[0060] In scheme 1 , the final or penultimate step was an oxidative cyclisation. An alternative, using thioacetal cou- 
pling, is shown in scheme 2. Mercury-mediated unmasking causes cyclisation to the protected PBD compound (A). 
[0061] The thioacetal compound may be prepared as shown in scheme 2: the thioacetal protected C-ring [prepared 
via a literature method: Langley, D.R. & Thurston, D.E., J. Organic Chemistry, 52, 91-97 (1987)] is coupled to the o- 
nitrobenzoic acid (or alkyl ester after hydrolysis) (G) using a literature procedure. The resulting nitro compound cannot 
be reduced by hydrogenation, because of the thioacetal group, so the tin(H) chloride method is used to afford the amine. 
This is then N-protected, e.g., by reaction with a chloroformate or acid chloride, such as 2,2,2-trichloroethylchlorofor- 
mate. 

[0062] Acetal-containing C-rings can be used as an alternative in this type of route with deprotection involving other 
methods, including the use of acidic conditions. 
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Dimer Synthesis (Scheme 3) 
[0063] 



w 



20 



+ ,<0 H^ 0H 



'-Mr 1 + 





O R. 
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Scheme 3 
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[0064] PBD dimers may bo synthesized using the strategy developed for the synthesis o the protected PBD mon 
omers The synthesis routes illustrated in scheme 3 show compounds when the dimer In age « of the formula 
O-JcH 2 O The step of dimer .orma.ion is normally carried out to form a bis(nitro acid) GV Th,s compound can then 
be treated as compound G in either scheme 1 or scheme 2 above. . , ., . « TK - 

fo06S The bis<lo acid) G" may be oblained by nitrating (e.g. using 70% nUk = add) the 
can be syn.hesised by alky.ation of two equivalents of the relevant benzorc and wrth the "g"^**™^ 
underbasicconditions.Manybenzoic acids are commercially available ando.hers can be ■V^'JJ^^M 
methods Alternatively, the relevant benzoic acid esters can be joined together by a Mrtsunobo ethenbeafon w,lh an 
appropriate alkanediol, tollowed by nitration, and then hydrolysis (not illustrated). nntasS | U m 
[0066? An alternative synthesis of the bis(ni„o acid, involves oxidation of the brsfn.tro "2^ e ^£^£ 
'permanganate. This can be obtained In turn by direct nitration of the bis(a.dehyde). "J^J £ 

bis(aldehyde) car, be oblained via the Mi.sunobu clherifica.ion ol two equivalents of the benzoic aldehyde w.th 

[OOSTrTnlTnatl synthesis approach to .hose detailed above is to protect, he pro N10posil.cn on the component 
which will form the A-ring, before joining the component which will form the C-nng. 



Preferred Synthetic Strategies for Compounds of formula la 



[0068] The synthesis route of scheme 1 is generally applicable to compounds of formula la 
0069 C2/C3 endo-unsaturated PBOs o, formula la may be synthesised from the, 

cursors. Typically, palladium catalysed removal of an a.y. carbamate may be used to generate ^10^11 -m ne 
wilhout affecting the key C2-unsa.uration. For example, if the N10-C11 imine/carb,no.am,ne .s protected by an Alloc 
group, the C2/C3-endo-unsaturalion is maintained during the Alloc cleavage reaction. 
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[0070] The reduction of the nitro-compound E as shown in scheme 1 with tin (II) chloride in refluxing methanol leaves 
the C2/C3-unsaturation unaffected. The hydrazine/Raney nickel method would not be suitable due to the double bond. 
[0071] The compound of formula F may be used in its TBDMS protected form, and therefore a deprotection step has 
to be included to produce the amino-alcohol compound E. 

[0072] The TBDMS ether, which is the product of the coupling of TBDMS protected compound with the appropriate 
o-nitrobenzoyl cloride, can be treated with AcOH:THF:H 2 0 (3:1:1). TBAF was found to be unsuitable for this transfor- 
mation due to the rapid degradation of reaction products. 

[0073] A class of requisite C-ring providing compounds F can be obtained as shown in scheme 4. 



[0074] Commercially available Jrans-4-hydroxy-L-proline F8 can be N-alloc protected to give the ally! carbamate F7 
which can then be esterified using standard conditions. Hydride reduction of the ester F6 furnishes the diol F5. Selective 
TBDMS protection of the diol gives a silyl ether F4, which can then be oxidised, using either Swern or TPAP oxidation, 
to provide the ketone F3. 

[0075] The ketone F3 can then undergo a Wittig reaction to yield a mixture of the E/Z exo-esters F2 which can then 
be converted to the C2/C3-endo compound F1{!a) upon treatment with excess sodium hydride. Palladium-mediated 
cleavage of the N-alloc protecting group (Dangles O.; Guib6, F.; Balavoine, G.; Lavielle, S.; Marquet, A.; J. Org. Chem. 
1987, 52, 4984) yields the compound F(la). 

Alternative route to compounds of formula la 

[0076] A more linear synthetic route to compound B of scheme 1 has been developed which enables larger scale 
production of the C2/C3-endo-unsaturated PBDs, and is shown in scheme 5. 
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Scheme 5 



40 



[0077] The silyl protecting group may be cleaved in good yield by treating B1(la) with i f° H:THF p H ^ 1 ;l ) J.^ 
KeycLca-endoVnsaturationprese^ 

« was no necessary tor this substrate. Swern oxidation of the secondary a.cohol 83 may be used to furn.sh >MU«< 
11 The carbamaTe protected aniline B3 may be prepared trom the ni.ro compound B5 ,n two steps. F.rs the m, o 
group may be .educed to the aniline by employing the Raney nickel/hydrazine method because a J""*™"^ 
B5 lacks C2-unsatura,ion. This method is more advantageous than the tin (I.) chlonde procedure srnce the , prcduc hs 
easiertoisola.e.Theani 1 ineB4maythenbeN-CBrb a ma,epro,ectedinhighyie.dwithouts, g n lIl can.carbonateforma,on 

50 ?0078] C2 An ai o. type 85 may be synthesised by coupling an acid chloride of type G .o the key amine KEC5 
(Scheme 6). 



55 
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KEC4 



CBz- 




KEC2 

^OTBDMS 



h ~ n CX 

OH 



KEC5 



Scheme 6 

Overall, this route has several advantages over the previous route which results in the larger scale production of the 
C2/C3-endo-unsaturated PBDs. Firstly, catalytic hydrogenation of KEC4 allows large scale preparation of key inter 
mediate KEC5. Secondly, this more efficient nitro reduction step may be carried out on an intermediate devoid of 
C2-unsaturation. Importantly, the double-bond migration observed during the Horner-Emmons reaction is spontaneous, 
so excess sodium hydride is not necessary. This double-bond migration has also been observed by other workers 
(Leimgruber, W.; Batcho, A. D.; Czajkowski, R. C. J. Am. Chem. Soc. 1968, 90, 5641). 

[0079] Parr-hydrogenation of KEC4, in order to cleave the Cbz protecting group, allowed the large scale synthesis 
of the key amino intermediate KEC5. The TBDMS ether KEC4 was prepared in an analogous fashion to the corre- 
sponding Alloc protected intermediate F4 (Scheme 4). Selective silylation of the primary alcohol KEC3 was achieved 
using DBU as a silyt transfer agent. The diol KEC3 was obtained from hydride reduction of ester KEC2 which in turn 
was synthesised from carboxylic acid KEC1 . N-Cbz protection of /rans-4hydroxy-L-proline (F4) was achieved by adopt- 
ing a procedure reported in the literature (Bridges, R. J.; Stanley, M. S.\ Anderson, M. W.; Cotman, C. W.; Chamberlain. 
R. A. J. Med. Chem. 1991 r 34, 717). 

[0080] Certain R 2 groups may require protection during the synthesis routes set out above, e.g. alcohols can be 
protected by using an acetate protecting group (see example 1(d)) 



14 



EP 1 193 270 A2 
Further alternative route to compound of formula la 
[0081] 
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50 

[0082] The following route is par.icu.ariy suited to a compound of formula .a where A is a 

l Z group or contains a doub.e bond which is conjugated to that in the C-.ing. However, elements of the synthase, 

EL *«eZ"l silica^ The s'odium tetraborohydride. initially, converts ^^Jr^Z 
bino.amlne However, .his species is very uns.ab.e and treatment with silica gel ts sutftoen. to provoke fragmentation 
of the SEM protecting group accompanied by imine formation. 
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[0084] The SEM protected dilactams (0) were prepared by Suzuki and Stille coupling reactions on the enol triflate 
intermediate (P). The Suzuki reaction is particularly useful as it can be used to install both aryl and vinyl substituents 
at the C2 position of the PBD. In excess of 70 boronic acids are commercially available allowing great diversity to be 
inlroduced into the PBD system. Heck reactions can also be performed smoothly on the enol triflate intermediate. 

5 [0085] The enoi triflate (P) was prepared from the ketone precursor (O) using triflic anhydride in DCM in the presence 
of pyridine. The ketone (O) was prepared from the secondary alcohol precursor (N) by Swern oxidation. Other oxidation 
methods involving TPAP or the Dess Martin reagent provide the ketone in equally good yields. The secondary alcohol 
was obtained by selective removal of a TBDMS group of compound M in the presence of the SEM N10 protecting 
group. The SEM group was installed by quenching the N10 dilactam anion {from L) with SEM-C1; this is a general 

10 method and can be used to install related protecting groups such as MOM. In order to prevent the C2 hydroxy of 
compound K interfering with the N; 0 protection step if was protected as a TBDMS ether. The 2-hydroxy dilactam (K) 
was formed by hydrogenating the A ring nitro group of compound J and coupling to the Oring methyl ester. The A- 
ring nitro C-ring ester compound (J) was prepared by coupling commercially available acid (G) to methyl 4-hydroxy- 
prolinate. 

'5 [0086] The alternative synthesis routes are equally applicable to the synthesis of dimers. 
Preferred Synthesis Strategies for Compounds of formula [I 

[0087] The synthesis route of scheme 1 is generally applicable to compounds of formula II. 
20 [0088] C2-unsaturated PBDs of formula II may be synthesised from their N10-carbamate protected precursors. Typ- 
ically, palladium catalysed removal of an allyl carbamate may be used to generate the N10-C11 imine without affecting 
the key C2-unsaturation. Alternatively, cadmium-lead couple may be employed to cleave an Nt0-2,2,2-trichloroethyl 
carbamate from the protected PBD. 

[0089] The reduction of the nitro-compound E as shown in scheme 1 with tin (II) chloride maintains the C2-unsatu- 
25 ration, although isolating the aniline C from the tin salts can be problematic. 

[0090] The compound of formula F may be used in its TBDMS protected form, and therefore a deprotection step has 
to be included to produce the amino-alcohot compound E. 

[0091] The TBDMS ether of type E, which is the product of the coupling of the TBDMS protected compound with the 
appropriate o-nilroben7oyl chloride, can be treated with AcOH:THF:H 2 0 (3:1:1). TBAF was found to be unsuitable for 
30 this transformation due to the rapid degradation of reaction products. 

[0092] C-ring providing compounds F(ll) can be obtained as shown in scheme 8. 
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HO^° HQ^P MeO^° 




[0093] Commercially available /rans-4-hydroxy-L-proline F8 can be N-alloc protected to give the aityl carbamate F7 
which can then be esterif led using standard conditions. Hydride reduction of the ester F6 furnishes the diol F5. Selects 
TBDMS protection of the diol gives a siiyl ether F4, which can then be oxidised, using either Swern or TPAP oxidation, 
to provide the ketone F3. . • 

[0094] The C2-olefinic functionality present in F2 may be introduced by performing the Wittig reaction on ketone F3. 
Palladium-mediated cleavage of the N-alloc protecting group (Dangles O.; Guibe, F.; Balavoine, G.; Lavielte, S.; Mar- 
quel, A.; J. Org, Chem. 1987, 52, 4984) yields compound F(ll). 
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Alternative route to compound C 
[0095] 
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Scheme 9 

[0096] An alternative route to compound C has been developed (Scheme 9). The amide of formula CI may be 
30 synthesised by forming the acid chloride of an N-Troc protected anthranilic acid of type C2. Interestingly, N-Troc an- 
thranilic acids do not generate isatoic anhydrides, thus enabling amide formation reactions with amines ol type F(ll). 
Simultaneous TBAF-mediated cleavage of the 2,2 ,2- trichloroethyl carbamate and TBDMS groups Irom C1 may provide 
the key amino alcohol C. 
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Alternative Route to compounds of formula II 
[0097] 




B1(ll) 

B2 



40 




Scheme 10 



[0098] A more linear synthetic route to compound B of scheme t has been developed which enables larger scale 
55 production of the C2-unsaturated PBDs, and is shown in scheme 10. TBAF-mediated cleavage of the TBDMS group 
may be used to produce B(M) from B1 (II). The key C2-unsaturation present in B1 (II) may be introduced by performing 
the Wittig olefination reaction on a ketone of type B2. Swern oxidation of the secondary alcohol B3 may be used to 
furnish the ketone B2. The carbamate protected aniline B3 may be prepared from the nitro compound B5 in two steps. 
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Firstly, the nitro group may be reduced to the aniline by employing the Raney ntcket/hydrazine method because a 
compound of type B5 lacks C2-unsaturation. This method is more advantageous than the tin (II) chloride procedure 
since the product is easier to isolate. The aniline B4 may then be N-carbamate protected in high yield without significant 
carbonate formation at the C2 oxygen. 

5 [0099] An amide of type B5 may be synthesised by coupling an acid chloride of type G to the key amine KEC5 (see 
scheme 6). Overall, this route has several advantages over the convergent route which allow larger scale production 
of the C2-unsaturated PBDs. Firstly, catalytic hydrogenation of KEC4 allows large scale preparation of key intermediate 
KEC5. Secondly, the nitro reduction step may be carried out on an intermediate devoid of C2-unsaturation, Finally, the 
Wittig olef ination may be performed in the latter stages of the synthetic route where large scale limitations are tolerated. 

10 [0100] I n dimer synthesis, the routes set out above may be used in preference to those set out in the overall synthetic 
strategies. In particular, the nitrogen-protecting group may advantageously be a carbamate, as protecting groups of 
this type may be removed in the final step by a variety of methods which, in general, do not affect the key C2-unsatu- 
ration. 

*5 General Experimental Methods 

[0101] Melting points (mp) were determined on a Galienkamp P1384 digital melting point apparatus and are uncor- 
rected. Infrared (IR) spectra were recorded using a Perkin-Elmer 297 spectrophotometer. 1 H- and 13 C- NMR spectra 
were recorded on a Jeol G5X 270 MHZ FT-NMR spectrometer operating at 20°C 4/-1°C. Chemical shifts are reported 

2Q in parts per million (6) downfield from tetramethylsilane (TMS). Spin multiplicities are described as: s (singlet), bs (broad 
singlet), d (doublet), dd (doublet of doublets), t (triplet), q (quartet), p (pentuptct) or m (multiplet). Mass spectra (MS) 
were recorded using a Jeol JMS-DX 303 GC Mass Spectrometer (El mode 70eV ; source 117-147°C). Accurate mo- 
lecular masses (HRMS) were determined by peak matching using peri luorokerosene (PFK) as an internal mass marker, 
and FAB mass spectra were obtained from a glycerot/thioglyccrol/trifluoroacctic acid (1:1:0.1) matrix with a source 

25 temperature of 180°C. Oplical rotations at the Na-D line were obtained at ambient temperature using a Perkin-Elmer 
141 Polanmeter. Analytical results were generally within 4/ 0.2% of the theoretical values. Flash chromatography was 
performed using Aldrich flash chromatography "Silica Gel-60 M (E. Merck, 230-400 mesh). Thin-layer chromatography 
(TLC) was performed using GF 254 silica gel (with fluorescent indicator) on glass plates. AH solvents and reagents, 
unless otherwise staled., were supplied by the Aldrich Chemical Company Ltd. and were used as supplied without 

30 further purification. Anhydrous solvents were prepared by distillation under a dry nitrogen atmosphere in the presence 
of an appropriate drying agent, and were stored over 4A molecular sieves or sodium wire. Petroleum ether refers to 
the fraction boiling at 40-60°C. 

Exampl es 

35 

Example 1(a): Synthesis of the 2-Cyanomethyl PBD (10, SB-A67) (see Figure 1) 
[0102] 

40 



45 




Synthesis of the Nitro Alcohol (3) 

50 [0103] A solution of the acid 1 (3.03 g, 10 mmoi, 1 equiv) in freshly distilled CH 2 Ct 2 (50 mL) was treated with oxalyl 
chloride (1.05 mL, 12 mmol, 1.2 equiv) under a nitrogen atmosphere and stirred. DMF (0.1 mL) was added and the 
solution effervesced. The reaction was allowed to stir overnight at RT. The following day the acid chloride solution was 
added dropwise over 2 hours to a stirred mixture of the amine 2 (2.31 g, 10 mmol, 1 equiv) and TEA (3.48 mL, 25 
mmol, 2.5 equiv) in freshly distilled CH 2 CI 2 (30 mL) while the temperature was kept under 0°C, under a nitrogen at- 

55 mosphere. The reaction mixture was then allowed to warm to RT and stirred overnight. The solution was washed with 
NaHCO a (100 mL), saturated NH 4 Cl (100 mL), H 2 Q (100 mL), brine (100 mL). dried (MgS0 4 ), filtered and evaporated 
in vacuo to give a brown oil which was purified by flash chromatography (Si0 2 . EtOAc) and provided the coupled 
compound 3 (3.24 g, 6.2B mmol. 62.8%) as a yellow glass: 1 H NMR (CDCI 3 . 270 MHz) rotamers: 5 -0.10 (s, 6H, Si 
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ICHWO 80 Is OH SiC(CH 9 ), 2 04-2.55 (m, 3H, 1-H, OH). 3.05-4.60 (m. 9H. 11-H, 11a-H. OMe. 3-H.2-H). 5.20 (br 
^SfiSli I". 6H). 5.27-7,7 <m. 5H. Ph, 7.73 and ™V?™«£*™£%*% 
MHzV S -5 5 -5 4 18 2 25 7 25.8. 36.3, 56.6. 57.2. 62.6, 70.2. 71.3, 109.0. 109.4. 127.6-128.8. 135.2, 137.3 147 9. 
Z 7 166.6; ,R n . : 3401 3065.3033.2951, 2856, 2739. 2628. 1956, 1743. 1620, 1578 1522.1462.1^1378 
336 1277, 1221. 1075. 1051. 1002, 914. 836, 779, 752, 697, 669, 650. 615; EIMS ^ (relative «) 5 6 {M 
0 6). 460 (29.8). 459 (92.6), 368 (7.9), 286 (49.6), 91 (1 00.0), 73 (9.5); FAB tnlz (relative intensity) 517 (M +1 . 15.1), 
385 (9.2), 286(19.3), 92 (9.3), 91 (100.0), 75 (14.0), 73 (42.2). 

Reduction to the Amino Alcohol (4) 

[0104] A solution of hydrazine (3.11 mL. 100 mm* 5 equiv) in MeOH (50 mL) was added dropwise to , a rej luxing 
LlUtton of the nitro compound 3 (10.32 g. 20 mmol, 1 equiv), antidumping granules and 

(150 mL). After 1 hour at reflux TLC (Si0 2 . 5% MeOH-CHCI 3 ) revealed total consumption of starting ™«" a i™ 
mixture was then treated with sufficient Raney Ni to decompose any unreac.ed hydrazine. After cool«i o ffT the 
m.x.ure was filtered through CeIHe and the mm evaporated in vacuo. The resulhng restdue was ^^Hg 
(300 mL). dried (MgS0 4 ), filtered and evaporated in vacate provide 4 (6.80 g 1 4 mmol, 70%) ^as a pinRoil which was 

arried through to the next stage without purification; <H NMR (CDCI 3 , 270 MHz) ro.amers: 8 -0*01 (s 6H, £(CH W 
0.88 (br s. 9H. SiC(CH 3 ) 3 ), 1 .96-2.23 (m. 2H. 1-H), 3.44-4.48 (m, 12H, 11-H, 3-H, OMe, NH 2 . OH, 2-H 11 i H), 5,09 
,br s. 2H. 080), 6.25 and 6.27 (2xs. 1H, 6-H), 6.68 and 6.73 (2xs. 1 H. 9-H) 7*6-7, (m, 5H Ph ) «C NMR [GOO*. 
2 70MHz): 5 -5,.182.25.9.3 5 .7,56.9.57.2. 70.4. 70.7. 103.2. 112.9.113.4 ^^"^J 1 ^ 1 " 'iJTw 

141.6; IR (neat): 3356.80, 2930.13, 2857.36, 2247.82. 1622.19, 1514.60, 1463.60, 1408.95. 1261.43, 1176.55. 

1110.48, 1003.80, 911.00.836.61, 778.15, 733.59, 697.72, 646.32. 

Synthesis of the Alloc Pro-N10-Protected C2-Alcohol (5) 

(0105] A solution of any. ch.oroforma.e (1.54 mL, 14.48 mmof, 1.05 equiv) ^^J^J"^^,''?; 
added dropwise to a stirred mixture of the amine 4 (6.70 g, 13.79 mmol. 1 equn,). Pyndme (2.45 mL 3034 rnmoL2^ 
equiv) in freshty distilled CH 2 CI 2 (200 mL), a. 0°C under a nitrogen atmosphere The m.xlure wasa«owec .to wann at 
RT and stirred overnight The following day TLC (Si0 2 . 5% MeOH-CHCy revealed reaction complet,on.The mixture 
^STJ^ZL CuSO< (1 00 mL). H 2 0 (1 00 mL). brine (100 mL). dried (MgSO,) HKeredan ^evapora^ 

= 5^^ 

n6 3 144 3 'l50 2 153 169 MR (neaO 3336. 3067 2953, 2931, 2858, 1732. 1600, 1525, 1464. 1408 1327 
25,' 1 75 3 ;12V ?04^lU 10 4 0 2 R 937. 837, 812. 778, 744, 698, 671 . ™™>^^^££g». 
570 (V, 35.0). 513 (27.2), 340 (19.3). 149 (24.3). 91 (24.1), 77 (16.4). 58 (33.0), 57 (100.0), 44 (27.2), 39 (39.8), 
(aP D = -55.94° (c = 1.010, CHCIg). 

Oxidation to the C2-Ketone (6) 

45minu.es a, -30'C and was then allowed to warm to RT. The reaction was then ^^"^ 
,o 0'C and acidified to pH=2 with concentrated HC The organic phase was washed with H 2 0 ISC ml ) bm £90 
mL) dried (MqS0 4 ) filtered and evaporated in vacuole give the ketone 6 as a dark orange oil (6.18 g, 0*8 ^rnmol 
St) suSiienl pure by TLC (Si0 2 , 40% EtOAcpetroloum ether) to be carded through o the nex, stage w£out 
further purification; -H NMR (CDCI 3 . 270 MHz) rotamers: 5 0.04 and 0.05 <2XS 6H, S,(CH£ , 0.8 <S. W^SCJOJW. 
2 47-2 78 (m 2H 1-H) 3.66-4.10 (m, 8H. 3-H, OMe. 11-H. 11a-H). 4.62-4.65 (m, 2H. Alloc) . 4.80-5.40 (m. 4H OB£ 
A»« 5 8 5. "(m. 1H. Alloc). 6.76 (s. 1H, 6-H). 7.27-7,9 (m, 5H. Ph), 7 .90 <S 1 H I 9-H ) « r S K NH& * 
NMR CDCI 3 , 270 MHz): 5 -5.8. -5.7. 18.0. 25.6. 25.7. 56.5. ^"J ^^7 1428 1274 1233 
1 36. 1 , 150.6 1 53.4. 208.9: IR (neat): 351 0. 3332. 2957. 2870. 2740. 1959. 1 771 . 1 738. 1633. 1537. 1428. 1274. 
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1120. 1029, 844, 785. 700; EIMS m/z (relative intensity) 568 (M+\ 90.6), 512 (28.7), 511 (79.8), 453 (1 2.1), 340 (38.6), 
298 (12.7), 282 (16.9), 172 (23.9), 91 (100.0), 41 (15.1); [oc] 2 V -1.98" (c - 1010, CHCl 3 ). 

Insertion of the C2-Cyanomethyl Group (7) 

[0107J Sodium hydride (0.70 g of a 60% dispersion inminuteseral oil, 1 7.60 mmol. 2.5 equiv) was stirred in petroleum 
ether for 10minutes. The suspension was allowed to settle and the solvent transferred under nitrogen from the flask 
via a double-tipped needle. The remaining residue was suspended in freshly distilled anhydrous THF (50 mL), cooled 
to 0°C and treated dropwise with a solution of the diethyl cyanomethylphosphonate (11 .14 mL, 79.90 mmol. 6.8 equiv) 

10 in THF (60 mL) under a nitrogen atmosphere. The mixture was allowed to warm to RT and stir for 1 .5 h. After cooling 
to 0°C the reaction mixture was treated dropwise with a solution of the ketone 6 (11.14 mL, 79.90 mmol, 6.8 equiv) in 
THF (40 mL). After stirring overnight TLC (Si0 2 , 30% EtOAc-petroleum ether) revealed almost complete consumption 
of starting material. THF was evaporated in vacuoand Ihe resulting residue treated with a saturated solution of NaHC0 3 
( 1 00 mL) and EtOAc (100 mL). The aqueous layer was washed with EtOAc (1 00 mL) and the combined organic layers 

is were then washed with H 2 0 (1 00 mL), brine (1 00 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to give a brown 
glass which was subjected to flash chromatography (Si0 2 , 30% EtOAc-petroleum ether) to provide the pure cyano 
compound 7 (2.6 g, 4.40 mmol, 63%) as a yellow glass: 1 H NMR (CDCI 3> 270 MHz): 5 0.03-0.09 (m, 6H, Si(CH 3 ) 2 ), 
0.88 (m, 9H, SiC(CH 3 ) 3 ) : 2.68-2.91 (m, 2H, 1 -H), 3.12-3.13 (m, 2H, 12-H), 3.72-3.76 (m, 2H. 11-H), 3.82 (s, 3H, OMe), 
4.62-4.65 (m ; 2H t AHoc) ( 4.75 (m, 1H, 11a-H), 5.19 (s, 2H : OBn), 5.22-5.39 (m, 2H, Alloc), 5.88-6.02 (m, 1H, Alloc), 

20 6.59 (s ; 1H, 3-H), 6.68 (s, 1H, 6-H) r 7.32-7.50 (m, 5H, Ph), 7.95 (s ; 1H, 9-H), 8.72 (s ; 1H, NH), 13 C NMR (CDCI 3 , 270 
MHz): 5-5.4, 17.5, 18.1 , 25.6-25.7, 34.0, 56.6, 59.8, 62.3, 65.8, 70.7, 106.1, 111.8, 114.0, 116.2, 118.1, 127.7-129.3, 
132 4, 132.8, 136.1, 144.2, 150.9, 153.4, 166.1; IR (neat): 3337, 3067, 3034,2954, 2930, 2857, 2253, 1732, 1622, 
1599, 1524. 1495, 1464, 1408, 1362, 1336, 1259, 1205, 1166, 1116, 1051, 1026, 992, 914, 839, 778, 735, 698, 647; 
EIMS m/z (relative intensity) 591 (M+-, 20.1), 534 (15.0), 340 (67.5), 282 (20.9), 252 (25.6), 195 (32.4), 91 (100.0); 

25 HRMS m/z Calcd for 591 .2765 (C 32 H 41 N 3 0 6 Si). Found 591 .2758; (af 3 D = -83.25° (c = 1 .015, CHCI 3 ). 

Deprotected Alcohol (8) 

[0108] Glacial AcOH (1 5 mL) was added to a stirred solution of the sityl ether 7 (2.10 g, 3.55 mmol) in THF (10 mL) 
30 and H 2 0 (1 5 mL). The reaction mixture was allowed to stir at RT and monitored every hour by TLC (Si0 2 , 30% EtOAc- 
petroleum ether). Over the course of 3 hours AcOH (10 mL) was added in two further portions. The mixture was stirred 
for a total ol 4 hours at which time the reaction had gone to completion. The mixture was then cooled to 0°C and treated 
dropwise with a 10% solution of NaHC0 3 in H 2 0 (50 mL). The aqueous solution was extracted with EtOAc (3x20 mL) 
and the combined organic layers were washed with H 2 0 (20 mL), brine (20 mL), dried (MgS0 4 ), filtered and evaporated 
35 in va cuo to give a yellow oil. Flash chromatography (Si0 2 , 5% MeOH-CHCl 3 ) afforded the free alcohol 8 (1 .40 g, 2.93 
mmol. 83%) as a yellow glass: *H NMR (CDCI 3 , 270 MHz): 82.41-3.02 (m, 2H, 1-H), 3.13 (s, 2H, 12-H), 3.70-4.10 (m, 
6H. 11-H, OMe, OH), 4.61-4 64 (m, 2H. Alloc) : 4.76 (m, 1H, 11a-H), 5.16 (s, 2H, OBn), 5.23-5.28 (m, 2H, Alloc), 
5.87-6.02 (m, 1H, Alloc), 6.53 (s, 1H, 3-H), 6.78 (s, 1H, 6-H), 7.27-7.48 (m, 5H, Ph), 7.75 (s, 1H, 9-H), 8.45 (s, 1H, 
NH) ; 1 3C NMR (CDCI 3 . 270 MHz): 6 17.4, 34.8, 56.8, 61.5, 65.1, 65.9, 70.8, 106.9, 111.8, 114.4, 116.1, 118.2, 
^0 127.7-129.1, 132.1, 132.4, 136.0, 144.8, 151.1, 153.7, 167.3; IR (neat): 3340, 3067, 2934, 2856, 2252, 1732, 1601, 
1523, 1455, 1407, 1374, 1336, 1226, 1167, 1111, 1048, 1028, 996, 938, 869, 838, 768, 745, 698, 668, 636, 608; EIMS 
^//(relative intensity) 477 (M + \ 14.6), 340 (46.9), 282 (13.0), 91 (100.0); HRMS m/z Calcd for 477. 1900 (C 26 H 27 N 3 O e . 
Found 477. 1 962; [a? 3 D = -67.42* (c = 1 .068, CHCI 3 ). 

"5 NIO-Protected Cyclized PBD (9) 

[0109] A solution of DMSO (0.75 mL, 1 0.55 mmol, 3.6 equiv) in freshly distilled CH 2 CI 2 (40 mL) was added dropwise 
at a rapid rate to a stirred solution of oxalyl chloride (2.64 mL of a 2M solution in CH 2 CI 2 , 5.27 mmol, 1 .8 equiv) at -40/- 
50°C (liquid nitrogen/chlorobenzenc) under a nitrogen atmosphere. After 5minut.es stirring at -45°C, a solution of the 

50 primary alcohol 8 (1 .40 g, 2.93 mmol, 1 equiv) in CH 2 CI 2 (30 mL) was added dropwise to the reaction mixture over 
45minules. Following stirring at -45°C for 45minutes the reaction was treated dropwise with a solution of TEA (1 72 
mL, 12.31 mmol, 4.2 equiv) in CH 2 C! 2 (20 mL) over a period of 3Q.minutos. The mixture was stirred for a further 
40minutes at -45°C and was then allowed to warm to RT and diluted with 20 mL CH 2 CI 2 . The reaction was then cooled 
to 0°C and washed with IN HCI (200 mL), H 2 0 (100 mL), brine (100 mL) ; dried (MgS0 4 ), filtered and evaporated in 

55 vacuo to give a yellow foam which was subjected to (lash chromatography (Si0 2 , 5% MeOH-CHCI 3 ) to provide the 
pure ring closed compound 9 (0.95 g. 2.00 mmol, 68%) as a slightly yellow glass: 1 H NMR (CDCI 3 , 270 MHz): 5 
2.69-3.14 (m, 2H, 1-H), 3.24 (s, 2H, 12-H), 3.84-3.98 (m, 6H, 11-H, OMe, OH), 4.46 (m, 2H, Alloc), 5.07-5.18 (m, 4H, 
OBn, Atfoc),5.60-5.80 (m. 2H, Alloc, 11a-H), 6.74 (s, 1 H, 3-H), 7.04 (s, 1 H. 6-H) : 7.24-7.43 (m. 6H, Ph. 9-H) ; 1 ^C NMR 
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(CDCL 270MHz):8 17.5.36.5. 56.2,59.6. 68.9. 71.1, 85.7,111.0, 113.2. 114.7. 116.1. 118.3,124.6.127.3-128.7, 131.7, 
136 0 149 2 150.6. 183.6; IR (neal): 3396. 3089. 2938. 261 5, 2251 . 1707, 1602. 1513. 1432, 1308. 1219. 1113. 1045. 
918 869 790 735, 698, 648; EIMS m/z (relative intensity) 475 (M*\ 34.2). 340 (25.4), 339 (35.0). 279 (10.3), 134 
(1 0.6), 91 (1 00.0); HRMS m/z Calcdf or 475.1 743 (CjsHasNsO,). Found 475. 1 883: 1«P 0 = +1 01 .46" (c - 1 .030. CHCI 3 ). 

C2-Cyanome«hyl PBD (10, SB-A67) 

[0110] Triphenylphosphine (25 mg, 0.095 mmol, 0.05 equiv), pyrrolidine (167 2.0mmol. 1 .05 equiv) and Pd(P ph 3>4 
(56 mg 0 048 mmol 0.025 equiv) were added sequentially to a stirred solution of the Alloc-compound 9 (900 mg, 1 .90 
mmol i equiv) in Ireshly distilled dry CHjCI;, (1 00 mL). The reaction mixture was allowed to stir at RT under a nitrogen 
atmosphere for 2 hours by which time TLC (Si0 2 , 1% MeOH-CHCI 3 ) revealed reaction completion. The mixture was 
evaporated in vacuo and the residue applied to a gravity chromatography column (Si0 2 , 1 % MeOH-CHCI 3 ) to isolate 
the PBD SB-A67 (720 mg, 1 .93 mmol. 100%) as a yellow glass: 'H NMR (CDCI 3 , 270 MHz): 3.05-3.40 (m, 4H, 1-H, 
12-H) 395 (s 3H, OMe), 4.38 (m, 1H, 11a-H), 5.21 (s, 2H, OBn), 6.84 (s, 1H, 6-H), 7.06 (s, 1H, 3-H), 7.27-7.70 (m, 
6H Ph 9-H) 7 80 (d, 1H. 11a-H, J = 3 Hz); l3 C NMR (CDCI 3 , 270 MHz): 6 17.4, 36.8, 53.9, 56.3, 70.9, 111.7,111.9, 
112 8 116 0 118 7, 120.7, 1 27.1-128.7, 132.0. 136.0, 140.2, 148.3, 151.2, 161.8; IR (neat): 3353, 2931 . 2251, 2222, 
1604 1508 1 437 1247 1120 1 000, 913. 874, 724, 697. 542; EIMS m/Z (relative intensity) 373 (M-. 9.8), 371 (24.4), 
280 (12.5), 91 (100.0); HRMS m/z Calcd lor 373.1426 (C 22 H 19 N 3 0 3 ). Found 373.1364; [ap D = 254.5° (c = 1 .045. 
CHCI 3 ). 

Example 1(b). Synthesis of the 2-Methoxycarbonylmethyl PBD (24, 5JG -245)(see Figure 2) 
[0111] 




OMe 



(2S,4R)-A*-(Allyloxycarbonyl)-4-hydroxypyrrolidine-2-carboxylic acid (12) 

[011 21 A solution of allyl chloroformate (29.2 mL, 33.2 g, 275 mmol) in THF (30 mL) was added dropwise to a sus- 
pension of frans-4-hydroxy-L-proline (11) (30 g, 229 mmol) in a mixture of THF (150 mL) and H z O (150 mL) at 0 C 
(ice/acetone), whilst maintaining the P H at 9 with 4 N NaOH. After stirring at 0°C for 1 hour at P H 9, the aqueous layer 
was saturated wilh NaCI, and the mixture diluted with EtOAc (100 mL). The aqueous layer was separated < washed 
wilh EtOAc (1 00 mL) and the pH adjusted to 2 with cone. HCI. The resulting milky emulsion was extracted with EtOAc 
(2 X 1 00 mL), washed with brine (200 mL), dried (MgS0 4 ). filtered and evaporated in vacuo lo give the allyl «^mate 
12 as a clear viscous oil (42.6 g, 87%): l«|*> 0 = -62.1 • (c = 0.69, MeOH); 1 H NMR (270 MHz CDC b ♦ 0MSO-<U 
(Rotamers) 5 5.98-5.81 (m, 1H, NC0 2 CH 2 CH=CH 2 ), 5.40-5.14 (m. 2H, NC0 2 CH 2 CH=--CH 2 ), ■ .64.442 m. 4H. 
NC0 2 CH 2 CH=CH 2 , NCH 2 CKOHCH 2 and CHC0 2 H), 3.82-3.51 (m, 2H, NC^CHOHCH,). 2 .34-2.08 2H 
NCH 2 CHOHCHj); ^ NMR (67.8 MHz, CDCI 3 + DMSO) (Rotamers) 6 175.0 and 174.5 (C0 2 H) 15 1 andl 54* 
(NC=0). 132.9 and 132.8 (NC0 2 CH 2 CH=CH 2 ). 117.6 and 116.7 (NC0 2 CH 2 CH=CH 2 ), 69.5 and 68 .8 (NCH 2 CHOH) 
65.9 and 65.8 (NC0 2 CH 2 CH=CH 2 ), 58.0 and 57.7 (CHC0 2 H), 55.0 and 54.5 (NCH 2 CHOH), 39.3 and 3M 
(NCHjCHOHCHj); MS (El), m/z (relative inlensity) 215 (M**, 10) 197(12). 170 (M-C0 2 H. 100) 1 o2 (24), 130 
M-C0 2 C 3 H 5 , 97), 126 (34). 112 (50), 108 (58). 86 (11), 68 (86). 56 (19); IR (Neat) 3500-2100 (br. OH , 2950, 1745 
and 1687 (br.C-O), 1435, 1415, 1346. 1262. 1207, 1174. 1133, 1082.993. 771 cm '; exact mass calcd lor C 9 H 13 NO s 
m/e 215.0794, obsd m/e 21 5.0791. 

Methyl (2S,4R)-W-(Allyloxycarbonyl)-4-'>Vdroxypyrrolidine-2-carboxylate (13) 

[0113] A catalytic amount of concentrated H 2 S0 4 (4.5 mL) was added to a solution of Alloc-hydroxyproline (12) (43 
q 200 mmol) in MeOH (300 mL) at 10'C (ice) and the reaction mixture was then heated at reflux lor 2 h. After cooling 
io room temperature the reaction mixture was treated with TEA (43 mL) and the MeOH evaporated in vacuo. The 
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35 



residue was dissolved in EtOAc (300 mL), washed with brine (200 mL), dried (MgS0 4 ), filtered and concentrated in 
vacuo to give a viscous oil. Purification by flash chromatography (40% EtO Ac/Petroleum Ether) removed the high R. 
impurity to provide the pure ester 13 as a transparent yellow oil (19.6 g. 43%): [a] 2 ^ = .7} 0° (c = 0 35 CHCUV 1 H 
NMR (270 MHz, CDCI 3 ) (Rotamers) 5 5.98-5.78 (m, 1H, NC0 2 CHoC/^CH 2 ), 5.35-5.16 (m. 2H, NCOoCH 2 CH=CWO 
4.65-4.45 {m, 4H, NC0 2 CH 2 CH=:CH 2 , NCH 2 CHOHCH 2 and NCHC0 2 CH 3 ), 3.75 and 3.72 (sx2, 3H. OCH 3 ). 3.70-3 54 
(m, 2H ? NCHgCHOHCH,), 3.13 and 3.01 (br s x 2, 1H, OH), 2.39-2.03 (m, 2H, NCH 2 CHOHCH P ); ™C NMR (67.8 MHz 
CDCI3) (Rotamers) 5 173.4 and 173.2 (C0 2 CH 3 ), 155.0 and 154.6 (NOO), 132.6 and 1324 (NC0 2 CH 2 CH=CH 2 )' 
117.6 and 117.3 (NC0 2 CH 2 CH=CH 2 ), 70,0 and 69.2 (NCH 2 CHOH), 66.2 (NC0 2 CH 2 CH=CH 2 ) 57 9 and 57 7 
(NCHC0 2 CH 3 ), 55.2 and 54.6 (NCH 2 CHOH), 52.4 (OCH 3 ) ; 39.1 and 38.4 (NCH 2 CHOH CH 2 ); MS (El), m/z (relative 
intensity) 229 (M+-, 7), 1 70 (M-C0 2 Me, 100), 144 (M- C0 2 C 3 H 5: 12), 126 (26), 108 (20), 68 (7), 56 (8); IR (Neat) 3438 
(br. OH). 2954, 1750 and 1694 (br, C=0), 1435, 1413, 1345, 1278, 1206, 1130. 1086, 994, 771 cm'i; exact mass calcd 
for C t0 H 15 NO 5 m/e 229.0950, obsd m/e 229.0940. 

(2S,4ff)-W-(AllyIoxycarbonylH-hydroxy-2-(hydroxymethyl) pyrrolidine (14) 

[01 14] A solution ot the ester 13 (19.5 g, 85 mmol) in THF (326 mL) was cooled to 0"C (ice/acetone) and treated 
with LiBH 4 (2.78 g, 128 mmol) in portions. The reaction mixture was allowed to warm to room temperature and stirred 
under a nitrogen atmosphere for 2.5 hours at which time TLC (50% EtOAc/Pelroleum Ether) revealed complete con- 
sumption of ester 13. The mixture was cooled to 0°C and water (108 mL) was carefully added followed by 2 N HCI (54 
mL). After evaporation of the THF in vacuo, the mixture was neutralised to pH 7 with 10 N NaOH and saturated with 
solid NaCI. The saturated aqueous solution was then extracted with EtOAc (5 X 100 mL). the combined organic layers 
washed with brine (200 mL), dried (MgS0 4 ) : filtered and evaporated in vacuo to furnish the pure diol 14 as a clear 
colourless oil (16.97 g, 99%): 

[a|2* 0 * -57.0* (c= 0.61, CHCI 3 ); 1H NMR (270 MHz, CDCI 3 ) 6 6.01 -5.87 (m, 1H, NC0 2 CH 2 CH=CH 2 ), 5.36-5.20 (m, 
2H : NC0 2 CH 2 CH=CH 2 ), 4.84 (br s, 1H, NCHCH 2 OH), 4.60 (d, 2H, J- 5.31 Hz, NC0 2 C/^CH=CH 2 ) 4 39 (br s 1H 
NCHCH 2 OH) : 4.18-4.08 (m, 1H, 3.35, NCH 2 CHOH), 3.90-3.35 (m, 4H, NCH 2 CHOH, NCHCH 2 OH, and OH) 3 04 (br 
s, 1H : OH), 2.11-2.03 (m, 1H, NCH 2 CHOHCH 2 ), 1.78-1.69 (m. 1H. NCH 2 CHOHC/^); «C NMR (67.8 MHz CDCI 3 ) B 
157.1 (NC-O), 132.6 (NC0 2 CH 2 CH=CH 2 ), 117.7 (NC0 2 CH 2 CH=CH 2 ), 69.2 (NCH 2 CHOH) 66 4 and 66 2 
(NC0 2 OH 2 CH=CH 2 and NCHCH 2 OH), 59.2 (NCHCH 2 OH), 55.5 (NCH 2 CHOH), 37.3 (NCH 2 CHOHCH 2 ); MS (El) m/ 
z (relative intensity) 201 (M- 2), 170 (M-CH 2 OH, 100), 144 (M-OC 3 H 5 , 6), 126 (26), 108 (20). 68 (9); IR (Neat) 3394 
(br. OH). 2946. 2870. 1679 <C=0), 1413. 1339, 1194, 1126.. 1054. 980. 772 cm ', exact mass calcd for C 9 H 16 N0 4 nV 
e 201. 1001, obsd m/e 201. 1028. 

(2S.4fl)-M(A!lyloxycarbonyl>^ 

[0115] A solution of the diol 14 (16.97 g, 84 mmol) in CH 2 CI 2 (235 mL) was treated with TEA (11.7 mL, 8.5 g, 84 
mmol) and stirred for 15minutes at room temperature. TBDMSCI (9.72 g, 64 mmol) and DBU (16.8 mmol, 2.51 mL, 
2.56 g) were added and the reaction mixture stirred for a further 16 hours under a nitrogen atmosphere. The reaction 
mixture was diluted with EtOAc (500 mL), washed with saturated NH 4 CI (160 mL), brine (160 mL), dried (MgS0 4 ), 
filtered and evaporated in vacuolo give an oil which was a mixture of the required product (majorcomponent). unreacted 
diol and the presumed disilyated compound by TLC (50% EtOAc/Petroleum Ether). Flash chromatography (20-100% 
EtOAc/Petroleum Ether) isolated the 3 components, to provide the monosilylated compound 15 as a slightly yellow 
transparent oil (13.85 g, 52%): [a] 21 0 = -58.6 0 (c = 1 .14, CHCI 3 ) ; 'H NMR (270 MHz, CDCl 3 ) (Rotamers) 6 6.01-5.86 
(m. 1H, NC0 2 CH 2 Cr-^CH 2 ), 5.34-5.18 (m, 2H, NCOgCHgCH-CHfe), 4.59-4.49 (m, 3H, NC0 2 C/-feCH=CH 2 and 
NC/-*X 2 OTBDMS), 4.06-3.50 (m, 5H, NC^CHOH, NCH 2 CHOH and NCHCH 2 OTBDMS), 2.20-2.01 (m. 2H. 
NCH 2 CHOHCH 2 ), 0.87 (s, 9H, SiC(CHj)a), 0.0 (S, 6H, Si(CH 3 ) 2 ); ™C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 6 155.0 
(NC=0). 133.1 (NC0 2 CH 2 CH=CH 2 ) f 117.6 and 117.1 (NC0 2 CH 2 CH=CH 2 ), 70.3 and 69.7 (NCH 2 CHOH), 65.9 and 
65.6 (NC0 2 CH 2 CH-CH 2 ), 63.9 and 62.8 (NCHCH 2 OTBDMS), 57.8 and 57.4 (NCHCH 2 OTBDMS), 55.7 and 55.2 
(NCH 2 CHOH). 37.3 and 36.6 (NCH 2 CHOHCH 2 ), 25.9 (SiC(CH 3 ) 3 ), 18.2 (SiC(CH 3 ) 3 ), -5.5 (S\{CH^ 2 ); MS (El), m/z 
(relative intensity) 316 (M- + 1 , 29), 315 4), 300 (M-CH 3 , 26), 284 (4), 261 (8), 260 (50). 259 (100), 258 (M-OC 3 H 5 
or M-'Bu s 100), 218 (13), 215(10), 214 (52), 200 (12), 170 (M-CH 2 OTBDMS, 100), 156 (40), 126 (58), 115 (33), 108 
(41), 75 (35); IR (Neat) 3422 (br, OH), 2954, 2858, 1662 <C=0), 1467, 1434, 1412 (SiCH 3 ), 1358, 1330, 1255 (SiCH 3 ), 
1196. 1180, 1120, 1054, 995, 919, 837, 776, 669 cm- i; exact mass calcd for C 1S H~N 0,Si m/e 315 1866 obsd m/e 
315.1946. 
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(2S>^{Allyloxycarbonyl)-2-(ferNbutyldirnethylsilyIoxymethyl)-4-oxopyrrolidinc (16). 
Method A: 

s [0116] A solution ol DMSO (12.9 mL, 14.3 g, 183 mmo!) in CH 2 Cl 2 (90 mL) was added dropwise to a solution of 
oxalyl chloride (45.1 mL of a 2.0 M solution in CH 2 CI 2 , 90.2 mmol) at -60°C (dry ice/acetone) under a nitrogen atmos- 
phere. After stirring at -70°C for 30minutes, a solution of the alcohol 15 (25.8 g, 8 1.9 mmol) dissolved in CH 2 CI 2 (215 
mL) was added dropwise at -60°C. After 1 .5 hours at -70"C, the mixture was treated dropwise with TEA (57.2 mL, 41 .5 
g, 410 mmol) and allowed to warm to 10°C. The reaction mixture was treated with brine (150 mL) and acidified to pH 

'0 3 with cone. HCI. The layers were separated and the organic phase washed with brine (200 mL), dried (MgS0 4 ), filtered 
and concentrated in vacuo to give an orange oil. Purification by flash chromatography (40% EtOAc/Petroleum Ether) 
furnished the ketone 16 as a pale yellow oil (24.24 g, 95%): 

Method B: 

15 

[0117] A solution of the alcohol 15 (4.5 g, 14.3 mmol) in CH 2 CI 2 (67.5 mL) was treated with CH 3 CN (7.5 mL), 4 A 
powdered molecular sieves (3.54 g) and NMO (2.4 g r 20.5 mmol). After 15minutes stirring at room temperature, TPAP 
(0.24 g, 0.7 mmol) was added to the reaction mixture and a colour change (green -> black) was observed. The reaction 
mixture was allowed to stir for a further 2.5 hours at which time complete consumption of starling material was observed 

20 by TLC (50% EtO Ac/Petroleum ether 40 °- 60°). The black mixture was concentrated in vacuo and the pure ketone 16 
was obtained by flash chromatography (50% Et OA c/ Petroleum Ether) as a golden oil (4.1 g, 92%): [a] 22 D = +1.25 ° (c 
- 10.0, CHCI 3 ); 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) o 6.0-5.90 (m, 1H, NC0 2 CH 2 CH.CH 2 ), 5.35-5.22 (m, 2H, 
NC0 2 CH 2 CH=CH 2 ), 4.65-4.63 (m, 2H, NC0 2 CH>CH=CH 2 ) f 4.48-4.40 (m, 1H, NCHCH 2 OTBDMS), 4.14-3.56 (m, 4H, 
NCHfi=0 and NCHCHpTBDMS), 2.74-2.64 (m, 1H, NCH 2 C«OCH P ), 2.46 (d, 1H, J= 18.69 Hz, NCH 2 C=OCH 2 ), 

25 0.85 (s, 9H, SiC(CH3) 3 ), 0.0 (s, 6H, Si(CH 3 ) 2 ); NMR (67.8 MHz, CDCl 3 ) {Rotamers) 6 210.1 (0=0), 154.1 (NC=0), 
132.7 (NC0 2 CH 2 CH-CH 2 ), 118.0 and 117.7 (NC0 2 CH 2 CH=CH 2 ), 66.0 and 65.8 (NCC^O^CH-CH,,), 65.0 
(NCHCH 2 OTBDMS), 55.7 (NCHCH 2 OTBDMS), 53.6 (NCH 2 C=0), 40.8 and 40.1 (NCH 2 C=OCH 2 ), 25.7 (SiC(CH 3 ) 3 ), 
1 8. 1 (SiC(CH 3 ) 3 ) , -5.7 and - 5.8 (S»(CH 3 ) 2 ); MS (CI), m/z (relative intensity) 31 4 (M 4 " + 1 , 1 00), 256 (M-OC 3 H 5 or M^Bu, 
65); IR (Neat) 2930, 2858, 1767 (D=0), 1709 (NC-O), 1409 (SiCH 3 ), 1362, 1316, 1259 (SiCH 3 ), 1198, 1169, 1103, 

30 1016, 938, 873, 837, 778, 683 cm*: exact mass calcd for C 15 H 27 N0 4 Si m/e313.1710. obsd m/e313.1714. 

{2S)-AHAllyloxycarbonyl)-2-(ferfbutyldimethyls"W 
(17). 

•35 [0118] Petroleum ether 40°-60° (100 mL) was added to a sample of NaH (0.80 g of a 60% dispersion in oil, 20.12 
mmol) and stirred at room temperature under a nitrogen atmosphere. After 0.5 hours the mixture was allowed to settle 
and the Petroleum Ether was transferred from the flask via a double-tipped needle under nitrogen. THF (100 mL) was 
added to the remaining residue and the mixture was cooled to 0°C (ice/acetone). The cool solution was treated dropwise 
with a solution of methytdiethylphosphonoacetate (3.69 mL, 4.23 g, 20. 1 2 mmol) in THF (1 00 mL) under nitrogen. After 

*o 1 hour at room temperature, the mixture was cooled to 0°C and treated dropwise with a solution of the ketone 16 (3.0 
g, 9.58 mmol) in THF (30 mL) under nitrogen. After 16 hours at room temperature, TLC (50% EtOAc/Pelroleum Ether) 
revealed the complete consumption of ketone and further TLC (5% EtOAc/Petroteum Ether) revealed the formation of 
mainly the exo-product. The reaction mixture was cooled to 0°C (ice/acetone) and transferred via a double-tipped 
needle under nitrogen to another Mask containing NaH (0.40 g of a 60% dispersion in oil, 10.1 mmol) at 0°C, freshly 

45 washed as above. The reaction mixture was maintained at 0 °C, and after 40minutes TLC revealed the almost complete 
conversion to endo-producl. The THF was evaporated in vacuo and the mixture partitioned between saturated NaHC0 3 
(100 mL) and EtOAc (100 mL). The layers were separated and the aqueous layer extracted with EtOAc (2 X 50 mL). 
The combined organic layers were washed with brine (100 mL), dried (MgS0 4 ), filtered and concentrated in vacuo to 
give an orange oil. Purification by flash chromatography (5% EtOAc/Petroleum Ether) furnished the endo-ester 17 

so (2.22 g, 63%): [af^ -97.7 0 (c- 2.78, CHCt 3 ); 1 H NMR (270 MH? t CDCl 3 ) (Rotamers) 5 6.47 and 6.42 (br s x 2, 1H, 
NCH-CCH 2 C0 2 CH 3 ), 5.98-5.86 (m, 1H, NC0 2 CH 2 CH=CH 2 ), 5.31 (d, 1H, J= 16.85 Hz, NC0 2 CH 2 CH=CA^) r 5.22 (d, 
1H, J= 10.62 Hz t NC0 2 CH 2 CH=CH 2 ), 4.65-4.49 (m, 2H, NC0 2 CH 2 CH=CH 2 ), 4.37-4.18 (m, 1H, NCHCH 2 OTBDMS), 
3.76-3.69 (m. 5H, NCHCH 2 OTBDMS and COjjCHy. 3.09 (br s : 2H, NCH^CKjCC^CH^, 2.86-2.80 (m, 1H, 
NCH^CCH 2 C0 2 CH 3 CH 2 ), 2.59 (d t 1H, J- 17.40 Hz, NCH=CCH 2 C0 2 CH 3 CH 2 ), 0.87 (s, 9H, SiC(CH 3 ) 3 ), 0.04 and 

55 0.03 (s x 2, 6H, SHCHjfe); ,3 C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 5 171.2 (C0 2 CH 3 ), 151.9 (NC-O), 132.8 
(NC0 2 CH 2 OUCH 2 ), 127.1 and 126.4 (NO-b.CCH 2 C0 2 CH 3 ), 118.0 and 117.7 (NC0 2 CH 2 CH=CH 2 ), 114.6 
(NCH=OCH 2 C0 2 CH 3 ), 65.9 {NC0 2 CH 2 CH=rCH 2 ), 63.4 and 62.6 (NCHCH 2 OTBDMS), 59.0 and 58.7 
(NCHCH 2 OTBDMS), 51.9 (C0 2 CH 3 ), 36.0 and 34.8 (NCH=CCH 2 C0 2 CH 3 CH 2 ), 34.2 and 33.9 (NCH=CCH 2 C0 2 CH 3 ), 
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^^S5!SSS^mSS SSt^r^ (rela,ive m ™™ 369 ^ 68 >- 354 <w. 

120 ,79), 89 (70), 73 75); IR T(N E ^ 3^86 US'SS^ffiVJ K/S** 1 " ^ 152 (55) ' 138 ™' 
1301, 1253, 1195, 1107, 1064 1014 983 937 887 !S 77« ' ^ J/^ 1670 - 1463 14 35, 1413, 1362, 1337, 
C, 8 H 31 N0 5 Si ^369.1972, cbsd m/^sl 1868 ' ^ 555 ^ maM Calcd ,or 

(2S)-2.(^butyldi m elhylsMy.oxy m eth ylM - (m ethoxycarbony| m elhy.).2,3-dihydropyrro.e(18) 

Bu 3 SnH (0.89 mL, 0,96 g 3 30 mmoll was LriXo h, 2 2 ( > ^ 5 ™ me& SVmm9 at room ^Perature, 
gas evolution immediacy erfsueTXe m SS^^^T"' f S ' i9h " y eX ° thermiC ^ * h Vi9 ° TOUS 
time TLC (50% EtOAc/Petroleum ZlTTZZ , 7 & " r00m ,em «> erature "«rogen at which 

starting material. After dwSg S CH CuTo In ^ " ° a '° n9 Wi ' h the COrn P lele «>^ump,io n of 

m vacuo to give an onu.^JS^Sd^riT™ 0 f ^ (M9S °<>' fi " ered and eva P°' ated 

enamine 18 as a slighfh o aTq 0 H ,o 7 ?I tr** (5 ° % EtOAc/p et'oleum Ether) to atford the 

NCHCH 2 OTBDMS and 2 64-2 04 X^^cfiFcZ^J* NCH = CC ^H 3 , 

0.09-0.00 (m. 6H SifCHAO MS #m m/> ™L . NCH - CCH 2C0 2 CH 3 C« 2 ), 0.90-0.88 (m, 9H, SiC<C«,) a ), 
228 (M-'Bu, 100, 212 : (4? 19 U3) 168 m» ? S^^S? *" 2? ° 7 >' 254 < 6 >- 242 ( 4 >- 2 3°t 

+ 57, 7), 302 (M i- +17 2 ( j sg^ sv 228 x ( . ir (4) ' 73 <13); ms <ci): -* <re,ative in,ensi!y > 342 ^ 
o'Schttr^ a c rr -r d so,ution ° r ,he acid 1 <°- 5 ° 6 * 167 « an d 

-solution was added dropwis ,o « J^^^h* > ■^ r16teUrert ^ te ^^ ,he ^ d ^"• 
4.60 mmol) in CH 2 C< 2 (1 2 mL a * C IceTLl! enBm,ne 18 ( 0524 9- 1 *» «nol) and TEA (0.47 g, 0.65 mL. 
.o warmto room,emp~e l^la^lIZ^ T°F The reac,i - "**«• was al.owed 

saturated NaHC0 3 (50 mL) Crated Jh CI S m f t ,* T di ' U,ed Wi ' h CH ^ 150 mL >" washed 

orated in vacuo to giveThe cmdo Product «f S?' 2 ' ."^ b " ne <5 ° mU dried (MoSO <>- and «vap- 
Petroleum Ether) isLmd L pute enaml 9 as In 96 ° m Puri,iCa,ion b * flasa chromatography (25% E.OAc/ 
1 H„ ) 7 45-7 28 (m SH tV*TT£ , 8096 °" (055 9l 58%): NMR (270 MHz, CDCU) 8 7 77 (s 

OMS NC^H 2 0?b D 5 ^ S.22 (s. 2H. PhCHp 1 ) 4 5 76-4.64 

NMR (67.8 Mh/, CDCU 8 170 7(OT^ CH 1 iSiSSS ^^^'^ 9 ° (S ' 9H ' SiC(CW ^ 011 ( s . *"MCH 3 ) 2 ); «c 

^^t^co^^^^^lT'.^^^ a " 0Om ,em P era,ure TLC < 5 °% E.OAc/Pe.ro,eum Ether) 
0fNaHC0 3 «64g^ i nH0jr:^^^^^ 

5.82 (s. 1H, NCH-CCH 2 C0 2 CH,) 5 22 ts 2H ^ l^H' t 8 ' 733 (m ' 5H «oJ. 6-86 (s. 1 H,,^), 

NCHCH 2 OH andOCH.) 3 72 (s 3H CC » c2\ 1 , oo^ ^ 1 (m ' 1H ' NCHCH 2 OH ). 3.98-3.92 (m, 5H, 

2.50-2.35 (m.1H NCH-CCH CO CHQK.M*« mud!]™' n CH=CC^CO z CH 3 and NCH=rCCH 2 C0 2 CH 3 CH z ), 
(C ) 137 s /r V" l£f?n ■ * NMR (67 ' 8 MH? ' CDCyS 170.6 (C0 2 CH 3 ), 154 8 (N&O) 148 6 

Inc^h cognl ioS 1 ^) 1 fo9 9 o (ch T Z tES nV' 1262 
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tensity) 456 (M-, 7), 286 (M-NCHC=CH 2 C02CH 3 CH 2 CHCH 2 OH, 25). 270 (NCHC=CH 2 C0 2 CH 3 CH 2 CHCH 2 OH. 6), 
91 (PhCH 2 . 100), 80 (6); exact mass calcd lor CzjH^NsOg m/e 456.1533. obsd m/e 456.1557. 

(2S)-A^(2-Amino-4-benzyloxy-5-methoxybenzoyl)-2-(hydroxymethylH-('nethoxycarbonvlrnethyl)- 
5 2,3-dihydropyrrole (21). 

[01221 A solution ol the nitro-alcohol 20 (0.35 g, 0.77 mmol) and SnCI^H 2 0 (0.87 g, 3.86 mmol) in methanol (16 
mL) was heated to reflux and monitored by TLC (90% CHCIg/MeOH). After 1 hour the MeOH was evaporated m vacuo 
and the resulting residue cooled (ice), and treated carefully with saturated NaHCO a (65 mL). The mixture was diluted 
to with EtOAc (65 mL) and after 16 hours stirring at room temperature the inorganic precipitate was removed by filtration 
through celite. The organic layer was separated, washed with brine (100 mL). dried (MgS0 4 ), filtered and evaporated 
in vacuo to give the crude amine 21 as a pale orange glass (0.29 g, 88%) which was carried through to the next step 
without further purification or analysis due lo the instability of the amine. 

>s (2S)-W-[(2-Allyloxycarbonylamino)-4-ben2yloxy-5-methoxybenzoyl]-2-(hydroxymethyl)- 
4-(methoxycarbonylmethyl)-2,3-dihydropyrrole (22) 

[0123] A solution of the aminoalcohol 21 (0.29 g. 0.68 mmol) In CH 2 CI 2 (12 mL) was cooled to 0"C (ice/acetone) 
and treated with pyridine (0.11 mL, 0.11 g, 1 .39 mmol). A solution ol allyl chloroformate (79 uL, 90 mg, 0.75 mmol) in 

so CH,CI 2 (1 0 ml) was then added dropwiso to the stirred mixture. The reaction mixture was allowed to warm to room 
temperature and stirred for a further 2.5 h, at which point TLC (EtOAc) revealed complete consumption ol the am.ne 
21. The mixture was diluted with CH-jO, (30 mL) and washed with saturated CuS0 4 (20 mL). H 2 0 (20 mL), bnne (20 
mL) dried (MgSCg, filtered and evaporated in vacuo. The crude residue was purified by Hash chromatography (70 /» 
EtOAc/Petroleum Ether) to afford the pure alloc-amino compound 22 as a colourless glass (0.14 g, 40%): H NMR 

25 (270 MHz, CDCI 3 ) S 8.58 (br s, 1H, NH). 7.88 (br s, 1H aroIn ), 7.50-7.29 (m, 5H arom ). 6.83 (s, IH^J, 6.42 (br s, 1H, 
NCtt.CCH,C0 2 CH 3 ). 6.03-5.89 (m. 1H. NC0 2 CH 2 Cf^CH 2 ), 5.39-5.22 (m, 2H, NC0 2 CH 2 CH^CH;.), 5.18 (s, 2H 
PhCH 2 0) 4.77-4.73 (m, 1 H, NCMCH 2 OH), 4.65-4.62 (m, 2R NCO.CH.CHkCH,). 4.32-3.84 (m, 5H, NCHCHOH and 
OCW,) 3.69 (s. 3H, C0 2 CH 3 ), 3.09 (s. 2H, NCH=CCH 2 C0 2 CH 3 ), 3.05-2.95 (m, 1H. NCH^CCH 2 C0 2 CH 3 CH 2 ), 2.35 
(dd 1H J = 3 76 16 72 H7. NCH=CCH 2 C0 2 CH 3 CH 2 ) ; «C NMR (67.8 MHz, CDCy S 170.6 (C0 2 CH 3 ), 1674 

»» (NC=O amide ). 153.5 (NOO^). 151.1 (C ar0 J, 144.4 <C aro J. 136.1 (C^J. 13*6 (C, ). 132.4 
NCO,CH,CH=CH 2 ). 128.6, 128.1 and 127.7 (BnC-H a(ora ). 118.5 (NCH=CCH 2 C0 2 CH 3 ). 118.2 <NCO^H=<*fe ) 
112 UC-H „) 106.3 (C-H arom ), 70.7(PhCH 2 O). 66.5 (NCHCH 2 OH), 65.9 (NC0 2 CH 2 CH^CH 2 ),61.9 <NCHCH 2 OH). 
5 S (OCH "52.1 (C0 2 CH 3 a r35.6 (NCH=C^ 2 C0 2 CH 3 ). 33.6 (NCH=CCH 2 C0 2 CH 3 CH 2 ) ; MS (FABK m* (relate 
intensity) 618 (M- ♦ TOoglycerol. 2), 511 <M- + 1 , 5), 510 (M-. 1 ), 340 (M.NCH=CCH 2 C0 2 CH 3 CH 2 CHCH 2 OH. 20), 

35 300 (3), 282 (14),256 (7), 192 (6), 171 (16), 149 (22). 140 (12), 112 (4), 91 (PhCH 2 , 100), 80 (6), 65 (1). 57 (3). 

(ll^llaSJ-IO-AllyloxycarbonyW-benzyloxy-ll-hydroxy^-methoxy^-tmethoxycarbonylmethylH.IO.II.IIa- 
tetrahydro-5H-pyrrolo[2,1 -c][1 ,4]benzodiazepin-5-one (23). 

40 [0124J A solution of the alcohol 22 (0.1 4 g. 0.28 mmol) in CH^iyC^CN (12 mL. 3:1 ) was treated with 4 A powdered 
molecular sieves (0.15 g) and MMO (49 mg, 0.42 mmol). After 15minutes stirring at room temperature TPAP (490 
mg 14 umol) was added and stirring continued for a further 1 hour 30minutesutes at which point TLC (80 /. EtOAc/ 
Petroleum Ether) showed product formation along with some unoxidised starting material. The mixture was then treated 
with a further quantity of NMO (49 mg, 0.42 mmol) and TPAP (4.9 mg, 14 ,imol), and allowed to stir lor a further 0.5 

45 hours when TLC levealed reaction completion. The mixture was evaporated in vacuoomo silica and subjected to flash 
chromatography (60% EtOAc/Petroleum Ether) to provide the protected carbinolamine 23 as a colourless glass (39 
mg, 28%): <H NHR (270 MHz. CDCI 3 ) 5 7.43-7.25 (m. 6H arom ), 6.90 (b. s, 1 H arom ), 6.74 (s, 1 H, " CH ^ C "£°f"% 
5 79-5.64 (m, 1H, NC0 2 CH 2 CH=CH 2 ), 5.77 (d, 1H, J= 10.26 Hz, NCHCHOH), 5.19-5.06 (m, 4H, NC0 2 CH 2 CH=CH 2 
a ndPhC/^0).4.64-4.45(m.2H.NC0 2 CH 2 CH=CH 2 ),4.18-3.83(m.4H,OC^andNCWHOH).3.71(s,3KC0 2 CH^ 

so 3 19 (s. 2H. NCH=CCH 2 C0 2 CH3), 3.09 (dd, 1H, J-. 11.09, 16.70 Hz, NCH^CCH 2 C0 2 CH 3 CH 2 ). 2.74 (d. 1H, J= 703 
Hz NCH=CCH,CO,CH,CH 2 ); «C NMR (67.8 MHz, CDCy 8 170.7 (C0 2 CH 3 ), 163.3 (NC=O omido ), 155^9 

(N^O ellltama .) 2 150.3(C ofo J, 149.1 ,C arwn ). 136.1 (C aro J, ^i^Jf^f^JS' £f £ CH ) Tl 4 7 
H ) 126 2 (NCH=CCH,CO,CH,), 125.1 (C mo J, 118.1 (NC0 2 CH 2 CH=CH 2 ), 117.7 (NCH=CCH 2 C0 2 CH 3 ), 114./ 
£h ) 1110 ,C-H arom . 85 2 9 (NCHCHOH^T.I (PhCH 2 0), Is.B (NC0 2 CH 2 CH-CH 2 ), 59.5 (NCHCHOH), 56.2 
55 OoITk.I (00,0^ 37.0 (NCH=CCH 2 C0 2 CH 3 ), 33.7 (NCH=CCH 2 C0 2 CH 3 CH 2 ); MS (El), m/z (relative in.ens ty) 
508 (M* - 16), 449 (3), 422 (3), 404 (2), 368 (3), 340 (19). 324 (2), 282 (6), 255 (2). 225 (1). 206 (2). 192 (3). 169 
152 (2) 140 (10) 131 (5), 108 (5), 91 (PhCH 2 , 100), 80 (9). 57 (9): IR (NUJOL®) 3600-2500 (br. OH). 2924, 2853. 
2360. 1715, 1502. 1514. 1462, 1377. 1271. 1219. 1169. 1045. 722. 699: exact mass calcd for C 27 H 2B N 2 O 0 m/e 
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508.1846, obsdm/e 508. 1791. 

(11 S ; 1 1 aS)&(1 1 1 aS)-8-Benzyloxy-7,1 1 -dimethoxy-2-(methoxycarbonylmethy1)-1 ,10,1 1 ,11 a-tetra hydro- 5H- 
pyrroto[2,1-c][1 ,4]fc>enzodlazepin-5-one (24, SJG-245). 

[0125] A catalytic amount of tetrakis(Lriphenylphosphine)palladium (5.0 mg, 4.33 jimol) was added to a stirred solution 
of the Alloc-protected carbinolamine 23 (88 mg, 0.17 mrnol), triphenylphosphine (2.27 mg, 8.65 nmol) and pyrrolidine 
(13 mg 0.18 mrnol) in CH 2 CI 2 (15 ml_). Atter 2 hours stirring at room temperature under a nitrogen atmosphere, TLC 
(80% BOAc/Petroleum Ether) revealed the complete consumption of starling material. The solvent was evaporated 
in vacuo and the crude residue was purified by flash chromatography (60% EtOAc/Petroleum Ether) to afford the novel 
PBD (SJG-245) as a colourless glas s '54 mg, 77%) which was repeatedly evaporated in vacuo with CHCI 3 in order to 
provide the N10-C11 imine form 24: 1 H NMR (270 MHz, CDCI 3 ) (imine) 5 7.80 (d, 1H. J = 4.03 Hz, HC=N), 7.50 (s, 
1H, rom ), 7.45-7.26 (m, 5H afom ), 6.91 (br s, 1H, NCH=CCH 2 C0 2 CH 3 ), 6.B3 (s, 1H arom ). 5.21-5.12 (m, 2H, PhCH 2 0), 
3 94 (s 3H OCH 3 ). 3.73 (s, 3H. C0 2 CH 3 ), 3.23 (S, 2H, NCH^CCH 2 C0 2 CH 3 ), 3.15 (m, 2H, 
NCH^CH 2 C0 2 CH 3 CH 2 ); 13 C NMR (67.8 MHz, CDCI 3 ) (imine) 6 1 70.7 (C0 2 CH 3 ), 1 62.7 (HC=N), 161 .4 (NC=0). 1 50.9 
(C ). 148.1 (C prAm ). 140 1 (C arom ), 136.0 (C arom ), 128.7, 128.2 and 127.3 (BnOH arom ), 127.3 (N CH= CCH 2 C0 2 CH 3 ), 
119°2 (C arom ), 1ir5TNCH = CCH 2 C0 2 CH 3)l 11lT(OH arom ), 111 .5 (C-H arom ), 70.8 (PhCH.O), 56.2(OCH 3 ), 53.8 (NCH- 
HON), 52 0 (C0 2 CH 3 ), 37.4 (NCH=CCH 2 C0 2 CH 3 ), 33.6 (NCH=CCH 2 C0 2 CH 3 CH 2 ). 

[0126} Repealed evaporation to vacuo o\ 24 with CH 3 OH provided the N10-C 11 methyl ether forms 25' HNMR(270 
MHz. CD 3 OD) (11 S,1 1 aS isomer) 6 7.44-7.25 (m, 5H arom ), 7.16 (s, 1 H aro J : 6.85 (br s. 1 H, NCH-CCH 2 C0 2 CH 3 ), 6.62 
{s 1H ) 5 09 (s 2H. PhCHoO), 4.52 (d, 1H, J= 8.80 Hz, NCHCHOCH3), 4.00-3.85 (m, 1H. NCHCHOCH3), 3.80 
•' 3H*OCK l ) 3 69 (s. 3H, C0 2 CHa). 3.41 (s. 3H. NCHCHOCH,). 3.24 (br s, 2H, NCKUCCH 2 CO ? CH 3 ), 3.20-3.00 (m, 
1H NCH=CCH 2 C0 2 CH 3 CH 2 ), 2.60-2.50 (m, 1H, NCH=CCH 2 C0 2 CH 3 CH>); NMR (67.8 MHz, CD 3 OD) (1lS,11aS 
isomer) 5 172.7 (C0 2 CH 3 ), 166.8 (C arom ) : 153.3 (NCO), 146.4 (C^), 139.7 (C^J, 138.0 (C arorn ). 132.4 (C arom ) 
129 6 129 1 and 128.8 (BnC-H^J, 127.0 (NCH=CCH 2 C0 2 CH 3 ), 120.8 (NCH=CCH 2 C0 2 CH 3 ), 113.7 (C-H arom ), 
109 2 [OH ) 97 1 (NCHCHOCH 3 ), 71 .7 (PhCH 2 ON *0.2 (NCHCHOCH 3 ), 56.8 (OCH 3 ), 55.2 (NCHCHOCH 3 ), 52.5 
(CO ? CH 3 ),38 m 7 (NCH=CCH 2 C0 2 CH 3 ), 34.1 (NCH=~ 1 -; 2 C0 2 CH 3 CH 2 ) ; MS (El), m/Z (relative intensity) 420 (M- 
methyl ether. 1), 418 (methyl ether - 2, 2), 406 <M- in ... 23), 404 (41), 375 (2). 345 (6), 333 (7), 313 (22), 299 (10 . 
285 (6) 253(6), 242 (4), 225 (2). 214 (2), 198 (2), 183 4), 168 (2), 155 (6), 136 (3), 105 (3), 91 (PhCH 2 , 100), 80 (4), 
65 (7) IR (NUJOL®) 3318 (br, OH of carbinolamine form), 2923, 2853, 1737, 1692. 1658, 1627, 1601, 1552, 1511, 
1501 ; 1464, 1461. 1452. 1378. 1244, 1072, 1006, 786, 754, 698 cm" 1 ; exact mass calculated for C^H^N^ m/e 
406.1529, obsd m/e 406.1510. 

Exa mples 1(c & d ^yi^ejis_olSJG-301 (31, UP2051) ancLS^;^33yjP2^ 
[0127J 




Example 1(c) 

Example 1 (d) 

(2S)-/vH(2-Alryloxycarbony!am 

4-(methoxycarbonylmethyl)-2,3-dihydropyrrole (26) 

101281 Petroleum Ether (100 mL) was added to a sample of NaH (1 .41 g of a 60% dispersion in oil, 35.25 mrnol) 
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stirred at room temperature under a nitrogen atmosphere. After 0.5 hours the mixture was allowed to settle and the 
Petroleum Ether was transferred from the flask via a double-tipped needle under nitrogen. THF (80 mL) was added to 
the remaining residue and the mixture was cooled to 0°C (ice/acetone). The cool solution was treated dropwise with 
a solution of mcthyldielhylphosphonoacetate (6.47 mL, 7.41 g, 35.25 mmol) in THF (80 mL) under nitrogen. After 1 .5 

5 hours at room temperature, the mixture was cooled to 0°C and treated dropwise with a solution of the ketone 6 (8.0 
g. 14.1 mmol) in THF (50 mL) under nitrogen. After 16 hours at room temperature, TLC (20% EtOAc/Petroleum Ether) 
revealed reaction completion. The THF was evaporated in vacuo and the mixture partitioned between saturated 
NaHC0 3 (200 mL) and EtOAc (220 mL). The layers were separated and the aqueous layer extracted With EtOAc (2 X 
200 mL). The combined organic layers were washed with H 2 0 (200 mL), brine (200 mL), dried (MgS0 4 ), filtered and 

'0 concentrated in vacuo to give a dark red oil. Purification by flash chromatography (15% EtOAc/ Petroleum Ether) fur- 
nished the endo-ester 26 (7.02 g, 80%): (apQ = -93.0 ° (c= 1.04, CHCI 3 ) ; 1 H NMR (270 MHz, CDCI 3 ) 5 8.78 (br s, 
1 H), 7.95 (s, 1 H), 7.50-7.29 (m, 5H), 6.82 (s, 1 H), 6.46 (br s, 1 H). 6.02-5.88 (m, 1 H), 5.35 (dd, 1 H, J= 2.93, 1 7.22 Hz), 
5.24 (d. 1H. 7- 10.44 Hz), 5.18 (s, 2H), 4.70-4.61 (m, 3H), 3.96-3.82 (m ; 5H), 3.68 (s. 3H), 3.08 (s, 2H), 2.91-2.82 (m, 
1H). 2.71-2.65 (m, 1H), 0.88 (s, 9H), 0.06 and 0.04 (s x 2. 6H); 13 C NMR (67.8 MHz : CDC! 3 ) b 170.7, 165.8, 153.5, 

J 5 150.6. 144.0. 136.2, 132.7, 132.5, 128.6, 128.2, 128.1 , 1 27.7, 118.1, 118.0, 114.4, 112.0,106.0, 70.6,65.7,62.3,59.4, 

56.6. 52.0. 34.6. 33.9. 25.8. 18.1 , -5.4; MS (El), m/z (relative intensity) 626 (M* t- 1, 3), 625 (M + - + 1 : 7), 624 (M*\ 
14). 568 (5). 567 (11). 509 (3), 476 (3) : 341 (5), 340 (17). 339 (4), 299 (3), 286 (18), 285 (87). 282 (11), 256 (4), 242 
(3). 229 (3) 228(14). 226(11), 168(10), 166 (3), 152(6), 141 (5), 140 (50), 139(9), 108(3), 92 (10), 91 (100), 89(6), 
80(11). 75(11). 73 (10). 65 (5), 57 (6), 41 (12); IR (NEAT) 3332 (br, NH) S 3019, 2953,2930,2857, 1733, 1622, 1599, 

20 1524. 1491. 1464. 1408. 1362, 1335, 1258, 1205 : 1171, 1113, 1051, 1027, 938, 839, 757, 697, 666 cm' 1 ; exact mass 
calcd for C^H^NgOaSi m/e 624.2867. obsd m/e 624.2936. 

(2S)-A^[(2-AJIyloxycarbonylamino)-4-benzyloxy-5-methoxyto 
4-(hydroxy-2-cthyl)-2,3-dihydropyrrole (27) 

25 

[0129] A solution of the ester 26 (4.0 g, 6.41 mmol) in THF (55 mL) was cooled to 0°C (ice/acetone) and treated with 
LiBH 4 (0.21 g. 9,62 mmol) in portions. The mixture was allowed to warm to room temperature and stirred under a 
nitrogen atmosphere for 26 hours at which point TLC (50% EtOAc/Petroleum Ether) revealed the complete consumption 
of starting material. The mixture was cooled to 0°C (ice/acetone) and water (14- mL) was carefully added. Following 

30 evaporation ot the THF in vacuo, the mixture was cooled and then neutralised with 1 N HCL The solution was then 
diluted with H 2 0 (100 mL) and extracted with EtOAc (3 X 100 mL), the combined organic layers washed with brine 
(100 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. The crude oil was purified by flash chromatography (30 -> 
40% EtOAc/Petroleum Ether) to furnish the pure endo-alcohol 27 as a transparent yellow oil (2.11 g, 55%): |a] 22 D = 
-86.43 • (c- 1.38, CHCI 3 ); 1 H NMR (270 MHz, CDC1 3 ) 5 8.76 (br s, 1H), 7.92 (br s, 1H) : 7.50-7.28 (m, 5H), 6.82 (s, 

35 1H),6.36(br s. 1H) : 6.02-5.87 (m. 1H) : 5.35(d. 1H, J= 17.22 Hz), 5.24 (d, 1K 11 .72 Hz), 5.18 (s, 2H), 4.64-4.61 
(m, 3H), 4.10-3.99 (m, 1H) : 3.80 (s, 3H), 3.79-3.66 (m, 3H), 2.85-2.75 (m, 1H), 2.64-2.60 (m, 1 H), 2.30 (L 2H, J = 6.23 
H2), 1.74 (brs, 1H), 0.88 (s } 9H), 0.06 and 0.04 (sx2, 6H); 13 C NMR (67.8 MHz, COCI 3 ) 5 165.3, 153.5, 150.5, 144.2, 
136.3, 132.5, 128.6, 128.1, 127.7, 126.7, 122.8, 118.0, 114.3, 112.0, 106.1, 70.7, 65.7, 62.8, 60.4, 59.1, 56.6, 34.4, 

31.7, 25.8. 18.2, -5.4; MS (El), m/z (relative intensity) 598 (M+- i< 2, 3), 597 (M- + 1,5), 596 (M 4 \ 13), 581 (2), 541 
■to (2), 540 (4), 539 (9), 448 (2), 341 (2), 340 (12), 282 (7), 259 (5), 258 (20), 257 (100), 256 (3), 227 (3), 226 (12), 200 

(5), 168 (6) r 124 (3), 113 (3), 112 (50), 111(4), 94 (10), 91 (25), 73 (3); IR (NEAT) 3340 (br), 3066 ? 3033, 2930, 2857, 
1732, 1598, 1520, 1456, 1409, 1328, 1205, 1166, 1113, 1049, 1023, 938, 839, 778, 744, 697, 677, 637 cm 1 . 

(2S)-/^[(2-AUyloxycarbonylaminoh4-benzyloxy-5-methoxybenzoyll-4-(acyloxy-2-ethyl)-2-(rert- 
«5 butyldimethylsi!yloxymethyl)-2,3-dihydropyrrole (28) 

[0130] Acetic anhydiide (8.1 7 cj, 7.55 mL r 80 mmol) and pyridine (30.2 mL) were added to the alcohol 27 (0.953 g, 
1 .60 mmol) and the solution stirred for 1 6 hours under nitrogen at which point TLC revealed reaction completion (50% 
EtOAc/Petroleum Ether). The reaction mixture was cooled to 0°C (ice/acetone) and treated dropwise with MeOH (15 

so mL). After stirring at room temperature for 1 hour the mixture was treated dropwise with H z O (30.2 mL) and allowed 
to stir for a further 1 6 h. Following dilution with EtOAc (56 mL), the solution was cooled to 0°C and treated dropwise 
with 6 N HCI (56 mL). The layers were separated and the organic phase was washed with 6N HCI (2 X 28 mL) and 
the combined aqueous layors woro then extracted with EtOAc (70 mL). The combined organic phases were then 
washed with H 2 0 (60 mL), brine (60 mL), dried (MgS0 4 ). filtered and evaporated in vacuo. The crude oil was a mixture 

55 of the desired product 28 and the TBDMS cleaved compound 29 as judged by TLC. Purification by flash chromatography 
(20 -> 100% EtO Ac/Pel roleum Ether) provided 29 (0.2 g) and desired acyl-TBDMS compound 28 (0.59 g, 58%) as a 
colourless oil: [ft] 2 ^ = - 87.04 0 (c = 4.91 , CHCL,); *H NMR (270 MHz. COCI 3 ) (Rotamers) S 8.77 (br s ; 1H), 7.94 (br 
s. 1H), 7.49-7.31 (m. 5H). 6.80 (s, 1H), 6.37 (br s, 1H), 6.02-5.89 (m. 1H). 5.35 (dd. 1H, J= 17.22. 1.65 Hz), 5.24 (d, 
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1H, J= 10.30 H2), 5.19 (s, 2H), 4.64-4.61 (m, 3H), 4.12 (t, 2H, J = 6.78 Hz), 4.03-3.95 (m, 1H), 3.83-3.75 (m, 4H), 
2.85-2.75 (m, 1 H), 2.64-2.60 (m, 1 H), 2.40-2.26 (m, 2H,) t 2.03 (s, 3H), 0.88 (s, 9H), 0.04, 0.01 and -0.01 (s x 3, 6H); 13 C 
NMR (67.8 MHZ : CDC! 3 ) 5 170.9, 165.5, 153.5. 150.6, 144.1, 136.3, 132.7, 132.5, 128.6, 128.1. 127.7, 126.5, 122.2, 
118.0, 114.3, 112.2. 106.1, 70.7, 65.7, 62.4, 60.4, 59.2, 56.7, 34.6, 31.7, 27.9, 25.8, 20.9, 18.2, -5.4; MS (El), m/Z 

5 (relative intensity) 640 (M*- + 2, 3), 639 (M 4 * + 1,7), 638 (M + \ 15), 623 (2), 583 (3), 582 (6) ( 581 (14), 539 (2), 523 (3), 
490 (3).. 341 (5), 340 (22), 301 (5), 300 (18), 299 (75), 283 (3), 282 (14) ; 256 (4), 242 (7), 241 (5), 240 (16), 239 (62), 
226 (6), 192 (3), 182 (8), 181 (5), 180 (3) : 168 (5), 166 (5), 154 (10), 131 (3), 106 (3), 95 (4), 94(48), 93 (5), 92 (8), 
91 (100), 89 (5), 75 (6). 73 (8), 65 (3), 57 (3); IR (NEAT) 3324 (br, NH), 3066, 3018, 2954, 2930, 2857, 1737, 1622, 
1598, 1523, 1489, 1464, 1409, 1363, 1327, 1230 : 1205, 1168, 1115, 1080, 1030, 994, 937, 839, 756, 697, 667, 638, 

10 606, 472, 459, 443 cm* 1 ; exact mass calcd for C 34 H 46 N 2 0 8 Si m/e 638.3024, obsd m/e 638.3223. 

(2S)-AH(2-Allyloxycarbonylamino)-4-benzyloxy 
2,3-dihydropyrrote (29) 

is [01 31 J A solution of the silyl ether 28(0.83 g. 1 .30 mmol) in THF (14 mL) was treated with H 2 0 (14 mL) and glacial 
acelic acid (42 mL). After 2 hours stirring at room temperature TLC (50% EtOAc/Petroleum Ether) showed the complete 
consumption of starting material. The mixture was cooled (ice) and treated dropwise with a solution of NaHC0 3 (64 g) 
in H 2 0 (640 ml). The aqueous solution was extracted with EtOAc (3 X 100 mL) and the combined organic layers were 
washed with H 2 0 (1 50 mL), brine (100 mL), dried (MgS0 4 ), filtered and concentrated in vacruolo give the crude product 

20 as an orange oil. Purification by flash chromatography (60% EtO Ac/Petroleum Ether) furnished the pure alcohol 29 as 
a white glass (0.537 g, 81%): [a) 21 D = -83.60 ° (c - 0.25, CHOj); 1 H NMR (270 MHz, CDCI 3 ) 5 8.56 (br s, 1H), 7.89 
(brs, 1H), 7.49-7.29 (m,5H), 6.81 (s, 1H),6.28 (br s, 1H), 6.03-5.89 (m, 1H),5.35 (ddd, 1H, J= 17.22, 3.11 , 1 .46, Hz), 
5.25 (d, 1H, J - 10.44 Hz), 5.19 (s, 2H), 4.80-4.70 (m, 1H), 4.65-4.62 (m s 2H), 4.41-4.31 (m 5 1H), 4.20-4.06 (m, 2H,), 
3.84 3.77 (m, 5H), 2.98-2.88 (m, 1 H), 2.39 (t : 2H : J= 6.51 Hz) ; 2.33-2.25 (m, 1 H,), 2.03 (s, 3H); 13 C NMR (67.8 MHz, 

25 CDCl 3 )5 170.8, 167.1.153.5,151.0,1^.3,136.1,132.6,132.4.128.6.128.1,127.7,126.3,122.6,118.1,112.2,106.3, 
70.7, 66.5. 65.8, 62.0. 61 .7, 56.8, 35.4, 31 .7, 27.8, 20.9; MS (El), m/Z (relative intensity) 525 (M+* + 1 , 5), 524 (M 4 ", 
14), 341 (5), 340 (16). 299 (2), 283 (3), 282 (14), 256 (4), 227 (5), 208 (2), 192 (3), 190 (2) : 186 (9), 185 (60), 168 (2), 
167 (5), 166 (2). 164 (2), 163 (2), 154 (3), 136 (3), 131 (3), 126 (7), 125 (53). 108 (2), 107 (2), 106 (2), 105 (3), 95 (3), 
94 (19), 93 (3), 92 (9), 91 (100), 83 (2), 69 (2), 68 (3), 67 (3), 65 (5). 58 (6), 57 (17) ; IR (CHCI 3 ) 3335 (br), 2933, 1732, 

30 1599, 1524, 1455, 1434, 1408, 1231, 1170, 1112, 1029, 995. 932, 868, 765, 698, 638, 606 cm" 1 ; exact mass calcd for 
C 28 H 32 N 2 0 8 m/e 524 2159, obsd m/e 524.2074. 

{1 1 S : 1 1 aS)-2-( Acyloxy-2-ethyl)-1 0-ally loxycarbony^-benzyloxy-1 1 -hydroxy-7-methoxy-1 ,1 0,1 1 ,1 1 a- 
tetrahydro-5H-pyrrolo[2,1-c}[1 ,4]benzodiazepin-5-one (30) 

35 

Method A: 

[0132] A solution of DMSO (0.25 mL, 0.27 g, 3.49 mmol) in CH 2 CI 2 (1 0 mL) was added dropwise over 35minutes to 
a solution of oxalyl chloride (0.87 mL of a 2.0 M solution in CH 2 CI 2 , 1 .75 mmol) at -45°C (liq.lVChlorobenzene) under 
40 a nitrogen atmosphere. After stirring at -45°C for 40minutes, a solution ot the alcohol 29 (0.51 g, 0.97 mmol) in CH 2 CI 2 
(7 mL) was added dropwise over 35minutes at -45°C. After 55minutes at - 45°C, the mixture was treated dropwise 
with a solution of TEA (0.57 mL, 0.41 g, 4 .1 0 mmol) in CH 2 CI 2 (5 mL) over 40minutes at -45°C. After a further 45minutes, 
the reaction mixture was allowed to warm to room temperature and was diluted with CH 2 Cl 2 (60 mL), washed with IN 
HCI (60 mL), H 2 0 (60 mL), bnne (30 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. TLC (80% EtOAc/Petroleum 
Ether) of the crude material revealed complete reaction. Purification by flash chromatography (50% EtOAc/Petroleum 
Ether) furnished the protecled carbinolamine 30 as a creamy glass (0.25 g, 49%). 

Method B: 

50 [0133] A solution of the alcohol 29 (0.21 g, 0.40 mmol) in CH^CH^N (30 mL, 3:1 ) was treated with 4 A powdered 
molecular sieves (0.1 5 g) and NMO (69 mg, 0.59 mmol). After 15minutes stirring at room temperature, TPAP (6.9 mg, 
19.8 iimol) was added and stirring continued for a further 1 hour at which point TLC (80% EtOAc/Petroleum Ether) 
showed product formation along with some unoxidrsed starting material. The mixture was then treated wiih a further 
quantity of NMO (35 mg, 0.30 mmol) and TPAP (3.50 mg, 10 jimol), and allowed to stir for a further 1.5 hours after 

55 which time TLC revealed complete reaction. The mixture was evaporated in vacuo onto silica and subjected to flash 
chromatography (50% EtOAc/Petroleum Ether) to provide the protected carbinolamine 30 as a creamy glass (95 mg, 
46%): [n]20 0 = +113.85 • (c=. 0.95, CHCI 3 ); 1 H NMR (270 MHz, CDCy 5 7.49-7.26 (m, 6H), 6.80 (S, 1H), 6 76 (s, 1H), 
5.79-5.59 (m, 1H). 5.75 (d, 1H, J* 10.08 Hz). 5.19-5.05 (m, 4H), 4.52-4.29 (m. 2H), 4.28-4.08 (m. 3H), 3.95-3.80 (m, 
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(67.BMH,.CDC«8171.1. 155.9 J*^' 3 '." j „. M S (B), m* (*,*. W«»M SB (»-. 

13)l 1 } * ,H ( _r h NO m/e 522 2002, obsd mte 522.2008. 
exact mass calcd for C 28 H3oN 2 u a w/e o^.^u^. ^ 

benzodiazepin-5-one (31.UP2051, SJG-301) 

Mion of the Alloc-protected carbinolamme 30 ^ m 9 ; O-^S^L lempetature under a nitrogen atmosphere, 
rdWlne { 13*mg,0.19mmol^ 

TLC (97% CHCl3/MeOH)r e vea.ed the complete con f m ^°"^ ta 5 7^WMeOH) to afford the PBD (31, SJG-301, 
and the crude residue was purified by ..ash ^^^^Z^CHC^ in order to provide the N10-C11 
UP2051) as an orange gtass which 270 MHz, COCy limine) 6 7.78 (d, 1H, J 

imine form (66.3 mg. 87%): [«Po = *^- 67 ° < c , = °™ ■ ' ' " N ™ \ 27 . 416 (m, 2H), 3.94 (s, 3H), 3.44-3.35 
- 4.03 Hz), 7.70-7.28 (m, 6H), 6.83 (S, 1H), 6 f£W>"™£ £ NMR (67.8 MHz, CDCtf (Ro.amers) 
(m,1H).3.28.3.15(m.1H) >3 .04.2.97(m1H)2.52^ 

5 170.9, 162.6. 161.1, 150.9, 148.2.140.1, 136.1, 132 1, 132.0 ,128.7.1 «■< ^ 419(12), 418 

70.8, 61.9. 56.2. 53.6, 37.4. 27.9, 2, .0, ^"^f^T^^Z (4 , 129(3), 105 (3), 94 (4), 93 (3), 92 
(36), 361 (6). 360 (20), 328 (3). 313 (8), 270 (4£ 5S (4) R (CHCI3) 3313 (br), 2957. 2934, 

C 24 H 24 N 2 O s m/te 420.1685, obsd m/o 420.1 750. 
tetrahydro-5H-pyrrolo[2,1-cl[1 , 4 ]benzodiazepin-!>-one (32). 
[01351 l^-WC--^-^ 

compound30(0.248g. O.475«»noOln_CH^0^^ „ ^ gh/e . ctoudy aqueous so- 

TLC (EtOAc) revealed complete reaction. The MeOH CH^ wa m CO mbined organic layers were 

,u.ion which was diluted with H 2 0 (30 mL) ^^^^^v^oio provide a creamy oil. Puh.ication 
then washed with brine (30 mL), dried (MgS0 4 , f.ltered and ,n vac P ^ co(our|ess glass 

by ..ash chromatography (97% CHC. 3 /MeOH) forms e I the ^^ l ^ fc ^ | * 5 7 43 . 7 24 ( m . 6H), 6.84 (s, 1H). 
(178 mg, 78%): M» 0 . = + 48.43 « (c = 1 56. ^^^h,. 4 3 46-4.23 (m, 2H), 3.92-3.70 (m, 6H), 

6.73 (s, 1H). 5.74-5.55 (m. 1H), 5.73 (d 1H J= 8.79 H V.*-" 5 ™ ^ MH2 CDC , 3) 8 163 .1. 155.8. 150.3, 
3.07-2.97 (m, 1H). 2.67 (d. 1H, J = 1 6.4 ► Hfl. 2-40*1 7 J 2H \ ^ , 2 , 0 , 117 . 9 , 114 .9. 110 9, B6.0, 71 , 

obsd m/e 480. 1886. 

benzodiazepm-5-one (33. UP2052, SJG-303). 
[0136, A cHtatytte amount oHetra^ 

ulion of the Alloc-protected carbino.am.ne 30 (156 2° ^ ur 50minuLu.es stirring at room temperature under a 
pyrrolidine (24.3 mg, 0.34 mmo.) in ^^^^1^^^^ of starting material. The solvent 
nitrogen atmosphere. TLC (90% CHC.yMeOH) '^^^/^Xtc.roma.ography (98% CHCiyMeOH) to a.lord 
was evaporated in vacuo and the crude res.due ^^ ^ dly grated in vacuo with CHCI3 in order 
the PBD (33, SJG-303, UP2052) as an » W MHz CDCI3) (Rotamers) 5 7.75 (d, 1H, J = 4.03 Hz) 

t0 provide the N10-C11 imino form (.03 mg 84%). <H NMR_ (270_ MHz. U |U ^ ^ 3 _ 1M 15 

7.58-7.22 (m. 6H), 6.82-6.80 (m,2H), (Roimw.) 6 162.8. 161.1. 152.3, 150.9, 
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(24) 243 (15) 155 (6), 136 (5), 124 (7), 106 (6), 93 (6). 92 (38), 91 (100), 65 (16), 63 (5), 51 (5); IR (CHCI 3 ) 3313, 
2918, 1623. 1598, 1568. 1509. 1455. 1436, 1386. 1328. 1243, 1218. 1175, 1130 1061. 1007, 870, 831 , 792. 752, 697, 
662 cnv 1 : exact mass calculated lor C^H^N^ m/e 378.1580, obsd m/e 378.1576. 

[0137] Repeated evaporalion in vacuo of UP2052 with CH 3 OH provided the N1 0-C1 1 methyl ether forms: 'H NMR 
(270 MHz, CDCI3) (Rotamers) 67.66-7.22 (m, 6H), 6.82-6.81 (m, 2H), 5.21-4.76 (m, 2H), 4.61-4.15 (m, 1 H), 4.03-3.71 
(m, 5H), 3.44 (s, 3H), 3.35-1 .92 (m, 7H). 

Example 1(e):Synthesis of the C7,C8-Dimethoxv-C2-Methoxvcarbonylmet hvl PBD AN-SJG (42, UP2065)(see 
Figure 4) 

[0138] 



MeO - ^. , 



MeO 




{2S){4fT)-N-(4,5-Dimcthojiy-2-nitrobenzoyl)-2itert-butfld^ 

[0139] A catalytic amount of DMF (2 drops) was added to a stirred solution of the nHro-acid 34 (12.45 g, 54.B mmol) 
and oxalyl chloride (5.75 mL. 8.37 g. 65.9 mmol) in CH 2 Cl 2 (300 mL). After 16 hours at room temperature the result.ng 
acid chloride solution was added dropwise over 4.5 hours to a stirred mixture of the amine 2 (12.65 g, 54.8mmol) and 
TEA (13 86 g 1 9.1 mL, 1 37 mmol) in CH 2 CI 2 (300 mL) at 0»C (ice/acetone) under a nitrogen atmosphere. The reaction 
mixture was allowed to warm to room temperature and stirredfora further 2.5 h. The mixlure was washed wrth saturated 
NaHCO, (300 mL), saturated NH^CI (300 mL). H 2 0 (250 mL), brine (300 mL), dried (MgS0 4 ). filtered and evaporated 
in vacuo to give the crude product as a dark orange oil. Purification by flash chromatography (80% EtOAc/Petroleum 
Ether) isolated the pure amide 35 as a sticky orange oil (1811 g, 75%): [ap D = -1 05.7° (c = 1 .17, CHCIg). H NMR 
(270 MHz. CDCI 3 ) (Rotamers) 8 7.71 and 7.68 (s x 2, 1H), 6.86 and 6.79 (s x 2, 1H), 4.50 and 4.38 (br s x 2 2HI 
4.13-4.1O(m.1Hi.3.98( S ,3H).3.94(s.3H),3.78-3.74(m,1H).3.35-3.27(m.1H),3.07(d,1H.J=1117H^ 
(brs.1H), 2.35-226 (m. 1H), 2.11-2.04 (m, 1H), 0.91 and0.81 (s x 2, 9H), 0.10. 0.09, -0.07, and -0.10 (s x4,6H), C 
NMR (67.8 MHz.CDCI 3 ) (Rotamers) 5 1 66.6. 154.2 and 154.1, 149.3 and 148.9, 137.5. 128.0, 109.2. 10 .1 1.701 and 
69.4. 64.7 and 62.5, 59.0 and 54.9. 57.3, 56.6, 56.5. 37.4 and 36.3. 25.9 and 25.7, 18.2. -5.4, -5.5 and -5 7; MS (El , 
m/Z (relative intensity) 440 (I**-, 2). 426 (9). 386 (4), 385 (20), 384 (65), 383 (100). 367 (4) 320 (4) 308 (7) 295 (8). 
286 (5), 211 (15), 210 (100), 194 (12), 180 (4). 165 (17), 164 (8), 137 (4), 136 (25). 121 (4). 93 (6), « aK(P 
(15) 73 (15), 59 (4), 57 (4); IR (NEAT) 3391 (br. OH), 3012, 2952. 2931, 2857, 1616, 1578, 1522, 1456 1436, 1388, 
1338, 1279, 1225, 1183. 1151. 1074, 1053, 1029, 1004, 939, 870. 836, 816, 785, 757, 668, 650, 620crrri;exael mass 
calcdfor C^Hj^OySi m/e 440.1979, obsd m/e 440. 1903. 

(2S)(4fl)-N-(2-Amino-4,5-dimethoxybenzoyl)-2-(fert-butyldime1hylsilyloxymethyl>-4.hydroxypyrrolidine(36) 

[01401 A solution of hydrazine (6.59 g, 6.40 mL, 205.5 mmol) in MeOH (110 mL) was added dropwis e To a t solution 
of the nitrocompound 35 (18.1 g, 41.1 mmol). over anti-bumping granules and Raney Ni (2.6 g) in MeOH (325 mL) 
and healed at rellux. After 1 hour at reflux TLC (95% CHCI 3 /MeOH) revealed some amine formation. The reaction 
mixlure was treated with further Raney Ni (2.6 g) and hydrazine (6.40 mL) in MeOH (50 mL) and was heated at reflux 
for an additional 30minutes at which point TLC revealed reaction complelion. The reaction mixture was then treated 
with sufficient Raney Ni to decompose any remaining hydrazine and heated at reflux for a further 1.5 tv Following 
cooling to room temperature the mixture was filtered through a sinter and the resulting filtrate evaporated m vacua 
The resulting residue was then treated with CH 2 CI 2 (300 mL). dried (MgS0 4 ), filtered and evaporated m vacuo le 
provide the amine 36 as a green oil (16.03 g ; 95%): [«P D - -11 6.32 • (C = 0.31 , CHCy , >H NMR (270 MHZ CDCy 
(Rotamers) 6 6.70 (s. 1H). 6.28 (s. 1H). 4.51-4.49 (m, 1H), 4.36-4.34 (m, 1H). 4.06-3.77 (m, 10H), 3.61-3.50 (m 3H), 
2 23-2 21 (m 1H), 2.01-1.98 (m, 1H). 0.89 (s. 9H), 0.04 (s, 6H), 1* NMR (67.8 MHz, CDCI 3 ) (Rotamers) 5 170.2, 
1515 1412 140 5 1122 112 0 101.1, 70.4. 62.6, 59.0, 56.9. 56.6. 55.8. 35.7, 25.9 and 25.7, 18.2, -5.4 and -5.5; 
MS (El). m/z'(re.a.ive intensity) 412 (M^2. 3), 411 (M- * 1 . 10), 410 (M-. 32). 354 ,6) 35= . (23). 263 . (3) 2 12 (5) 
181 (11) 180 (100). 179 (3). 165 (3), 164 (6), 152 (10). 137 (4). 136 (4). 125 (5). 120 (3). 100 (3). 94 (6), 75 (9), 73 
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m R7 f3V IR (CHCU 3353 (br) 2053 2930 2857, 1623. 1594, 1558, 1517, 1464, 1435, 1404, 1260, 1234, 1215, 
wi U119. JoE !^?5. W ^ 755, 666 cm- exacl mass calcd for CoH,JW ^410.2237, obsd ** 
410.2281. 

(2S)(4*)-AH(2-Allyloxyca^^ 
4-hydroxy pyrrolidine (37) 

10141] Aso.uUonof,heamine36(16.03g.39mmoOin^ 

with pyridine (6.94 m L> 6.76 g, 85.8 mmol). A solution of ally! chloroformale (4.35 mL, 4.94 g, 40.95 mmol) in CH 2 CI 2 
£>5> was L added dropwise .0 .he stirred fixture. The ^onmtoni^alB^low-m o^l^« 
and sti red (or a further 1 .5 h, at which point TLC (EtOAc) revealed complete consump .on of am n 36. T*e ^eacnon 
mixture was washed with saturated CuSQ 4 (300 mL), H 2 0 (300 mL). brine (300 mL) dried (MgSO, f-ltere and 
evaporated in vacuo. The crude residue was purified by flash chromatography (35% EKM^tam 
«he pure allocamino compound 37 as a dear oil (16.78 g, 87%): [«F D = -93*5 c = 0 .27 CHCy . H NMR (270 
MH .COCW (Ro.amers)6 8.93 (brs. 1H), 7.72 (s. 1H), 6.77 (s. 1H). 6.01-5.87 (m 1H) 5 .34 (dd t -17 .2 2 3. 2 
Hz) 5.23 (dd, 1 H, J = 10.44, , .29 Hz), 4.63-4.55 (m, 3H), 4.40-4.38 (m. 1H), 4.15-4.08 (m ,H) 3.91 ( 3H) 3.81 (8 
3H . 3.62 3.55 (m. 3H), 2.34-2.24 (m. 2H). 2.07-1 .99 (m, 1 H), 0.89 (s, 9H). 0.05 and ( ,.04 (S x 2_6H)- £ NMR (67* 
MHz CDCy (Rotamers) 8 169.5, 153.8, 150.9. 143.8. 132.5. 118.0, 115.9, 111.0. 104^6.70.5 65* 62.2 ,59.0 572 
56.2.56.0. 357and31.U.8.18.V5.4and-5^ 

494 (M " 50), 439 (11), 438 (29). 437 (100), 380 (4), 379 (14), 337 (13), 336(4). 265 (15) 264 (91 , 263 (4) 258 6 , 
224 41 223 15} 220 (11) 212 (7) 208 (4), 207 (11). 206 (75). 192 (5), 180 (20), 179 (18), 174 (15), 172 (4), 164 (7), 
5b6 51 152 51 150 6 136 (4) 99 (9 86 (16 . 75 (10). 73 (11), 57 (6); IB (CHCI 3 ) 3337 ,br), 2952. 2930. 2857, 
S 1600 1»!Sff iS. 1288,126,, 1229.1203, 1165. 1,21, 1039. 1004, 931 , 836. 777. 668 cm- 

cxacl mass calcd for C^H^NjOjSi m/o 494.2448, obsd m/c 494.2365. 

(SSV/V-tta-AMyloxycarbonylaminoH-S-dimcthoxybenzoyll-S-dert-butvldimethylsityloxymethyl)- 
4-oxopyrrolidine (38) 

,0142] A soiution o, DMSO (7.24 mL. 7.97 p. ,02 mmol) in CH 2 CI 2 (150 mL) ^^^^^^^ 
solution of oxalyl chloride (25.5 mL of a 2.0 M solution in CH 2 CI 2 , 51 .0 mmol) at - 60 ° C ^^^^""^ 
atmosphere Alter stirring at -50°C for 1 hour, a solution of the alcohol 37 (,6.75 g, 33.9 mmol) .n CH 2 CI 2 (250 mL 
waT added dZ s-ve'r a period o, 2 h. After , hour a, -55»C. the mixture was treated dropw.se 
Tf1(32 2 mL 23 4 q 231 mmol) in CH 2 CI 2 (100 mL) and allowed to warm to room temperature. The react.on m.xture 

Tf The CHXI, layer revealed complete reaction. The layers were separated and ,he organ.c phase washed w.th H 2 0 
0 °n2fe (300 mL), dried (MgSO.)- ««d and concentrated in vacuo* gtvo the ^ne 38 as an orange g ass 
MR -17 n <nv V I«12'„ - -9 96° (c= 1 51 , CHCU; 1 H NMR (270 MHz,CDCI 3 )8 8.69 (s, 1H). 7.82 (s, ,H), 6 75 (s, in) 

soislaTm'^ 

la QH , 3 67 3 56 <m 1H) 2 74 (dd 1H J= ,7.86, 9.44 Hz), 2.52 (d. ,H, J= 17.95 Hz), 0.87 (s. 9H). 0.05 (s, 6H) «C 

56 2 56 0 39 7 25 6 18 0 -5 7 and -5.8; MS (El), m/z (relative intensity) 494 (M* * 2, 6). 493 (M + 1 , 16) 49<! (iw 
, 437 8) 436 ,22)', SsV). 377 (1,), 336 W 335 ,2,), 334 (8), 294 (8), 265 (^264 (50, 250 ,5) 22 (17), 22 
(18) 208 (7 207 (15) 206 (100), ,92 (9), 180 (23). 179 (28), 172 (33), 171 (10), 164 (16). 155 ' (7)JM W. '50 '(16). 
36 (13, 115 (14) lOale) 88 (6 , 75 20). 73 (33). 59 (13). 58 (6), 57 (62), 56 (14); IR (NEAT) 3337 (br. NH) 3086. 
^ 295I 2^32 2B° 5 8 8. ( ?766, \L 1623. ,603. 1520. 1464, 1398. 1362, 1332,1313 1287. 1262 
1052, ,038, 1004, 938, 870, 838, 810, 756, 666, 621 , 600 cm '; exact mass calcd for C^N^. nve 492.2292, 
Obsd 11VC 492.2349. 

2S)-N-(2.AI,yloxycarbonylamino)-4,5-dimethoxybenzoyl]-2-(terf-butyldi m ethylsilyloxymethyl)- 
4-(me«hoxycarbonylmethyl)-2,3-dihydropyrrole,39) 

[0143] Petroleum ether (70 mL) was added to a sample o, NaH (0.41 g of a 60% dispersion in oM 10 .16 mmol] , and 
Led a. room temperature under a nitrogen atmosphere. After 0.5 hours the mixture was a.lowe ' ^nd^he 
Petroleum Ether was transferred from the flask via a double-tipped needle under n.lrogen. THE (60 mL) was added o 
Z 0^ rcsTdue and the mixture was cooled .0 0'C (^/acetone). The coo. solution was treated **~<" 

Ilion o.L.hy.die,hy,phos P honoace,a,e (1 .86 mL. 2,4 g. 10,6 mmo.) i^ ^ 
hours a, room temperature, the mixture was cooled .0 0"C and treated dropw.se wr h _a 

g.4.07 mmol) in THF (36 mL) under nitrogen. After 16 hours at room temperature. TLC (20% EtOAc/Petroleum tmer, 
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revealed reaction completion. The THF was evaporated in vacuo and the mixture partitioned between saturated 
NaHC0 3 (100 mL) and EtOAc (100 mL). The layers were separated and the aqueous layer extracted with ElOAc (2 X 
100 mL). The combined organic layers were washed with H 2 0 (100 mL), brine (1 00 mL). dried (MgS0 4 ), filtered and 
concentrated in vacuo to give a dark red oil. Purification by Hash chromatography (15% EtOAc/Petroleum Ether) fur- 
nished the endo-ester 39 as a golden oil (1 .63 g, 73%): NMR (270 MHz, CDCI 3 ) (Rotamers) 5 8.82 (br s, 1 H), 7.86 
(s, 1H), 6.79 (s, 1H), 6.46 (brs, 1H), 6.03-5.89 (m, 1H), 5.39-5 32 (m, 1H), 5.24 (dd, 1H, J= 10.44, 1.28 Hz), 4.70-4.59 
(m, 3H), 3.99-3.61 (m, 11H), 3.08 (s, 2H), 2.91-2.82 (m : 1H), 2.75-2 66 (m, 1H), 0.92-0.79 (m, 9H), 0.12-0.03 (m, 
6H); ™C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 6 170.7, 165.8, 153.5, 151.3, 143.7, 132.8, 132.5, 128.2, 118.1, 118.o| 
117.9, 111.3, 104.3, 65.7, 62 3, 59.5 and 59.4, 56.4, 56.0, 52.0, 34.7, 33.9, 25.8, 18.1, -5.4; MS (El), m/2 (relative 
io intensity) 549 (M+- + 1, 7), 548 (M**, 17), 525 (13), 507 (14), 492 (6), 491 (18), 489 (8), 449 (7), 347 (11), 287 (6), 286 
(20), 285 (82), 265 (10). 264 (51), 263 (9), 244 (9), 242 (7), 228 (19), 227 (8), 226 (18), 224 (6), 223 (22), 220 (12), 
208 (6), 207 (18). 206 (100), 192 (7), 180 (18), 179 (21), 168 (16), 164 (10).152 (13), 150 (B), 141 (8), 140 (73), 139 
(13), 136 (6), 108 (6), 89 (9), 80 (15), 75 (15), 73 (19). 57 (6); exact masscafcd for C^H^OgSi m/e 548.2554, obsd 
m/e 548.2560 

(2S>-/*[(2-AHyloxycarbonylamino)-43-d^ 
2.3-dihydropyrrole (40). 

[0144] A solution of the silyl ether 39 (1 .63 g, 2.97 mmol) in THF (12.6 mL) was treated with H 2 0 (12.6 mL) and 
so glacial acetic acid (38 mL). After 2 hours stirring at room temperature TLC (60% EtOAc/Petroleum Ether) showed the 
complete consumption of starting material. The mixture was cooled (ice) and treated dropwise with a solution of 
NaHC0 3 (61 .6 g) in H 2 0 (616 mL). The aqueous solution was extracted with EtOAc (3 X 150 mL) and the combined 
organic layers were washed with H 2 0 (150 mL), brine (100 mL), dried (MgS0 4 ), filtered and concentrated in vacuo to 
give the crude alcohol 40 as an orange oil (1.27 g. 98%): MS (El), m/z (relative intensity) 435 (M f - + 1 f 6),434 (M + -, 
& 23), 347 (5), 31 7 (4). 281 (6), 265 (8), 264 (44), 263 (8), 224 (5). 223 (24), 222 (5), 220 (9) 207 (15), 206 (94), 192 (5), 
180 (18), 179 (18), 172(12), 171 (100), 164 (12) ; 152 (7) : 150 (7), 141 (6), 140 (53), 136 (9) : 112 (11 ). 108 (6), 80 (12), 
69 (7); exact mass calcd for C 2i H^N 2 0 B m/e 434.1689, obsd m/e 434.1606. 

(11S,11aS)-10-AHyloxycarbonyl-7,8-dimethoxy-11-hydroxy-2-(methoxycarbonylmethyl)-1 ,10,11,11a- 
30 tetrahydro-5H-pyrrolo[2,1-c]I1,4]benzodiazepin-5-one (41) 

[0145] A solution of DMSO (0.75 mL, 0.82 g. 10.5 mmol) in CH 2 CI 2 (22 mL) was added dropwise over 1 hour 20 
minutes to a solution of oxalyl chloride {2.63 mL of a 2.0 M solution in CH 2 Cf 2 , 5.26 mmol) at -45°C (liq.N^Chloroben- 
zene) under a nitrogen atmosphere. After stirring at -45°C for 1 h, a solution of the alcohol 40 (1.27 g, 2.92 mmol) in 

35 CH 2 CI 2 (22 mL) was added dropwise over 1 hour at -45°C. After 50minutes at -45°C, the mixture was treated dropwise 
with a solution of TEA (1.71 mL, 1.24 g, 12.29 mmol) in CH 2 CI 2 (11 mL) over 30minutes at -45°C. After a further 
30minutes, the reaction mixture was allowed to warm to room temperature and was diluted with CH 2 C! 2 (20 mL), 
washed with 1N HCI (100 mL), H 2 0 (100 mL), brine (100 mL), dried (MgS0 4 ), littered and evaporated in vacuo. TLC 
(80% EtOAc/Petroleum Ether) of thecrude material revealed reaction completion. Purification by flash chromatography 

-*o (55% EtOAc/Petroleum Ether) furnished the protected carbinolamine 41 as a white glass (0.68 g, 54%): [a] 2 ^ « 
+219.78 • (c- 0.12, CHCI 3 ); *H NMR (270 MHz, CDCy 5 7.23 (s, 1H). 6.91 (s, 1H), 6.70 (s, 1H), 5.90-5.80 (m, 2H), 
5.17-5.13 (m, 2H), 4.70 (dd, 1H, J= 13.37, 5.31 Hz), 4.50-4.43 (m, 1H), 3.98-3.75 (m, 8H), 3.71 (s, 3H), 3.20-3.05 (m, 
3H), 2.75 (d, 1H, J = 17.04 Hz); 13 C NMR (67.8 MHz. CDCI 3 ) 8 170.7, 163.3, 155.9, 151.1, 148.5,131.7, 128.3, 126.2, 
124.7, 118.1 , 117.6 : 112.6, 110.6, 86.0. 66.8,59.4,56.2, 52.1,37.0, 33.7; MS (El), m/Z (relative intensity) 434 (M + - + 

•*5 2, 6), 433 (M- + 1, 21), 432 (M + ", 74), 414 (B), 373 (14), 329 (7), 293 (20), 292 (20), 265 (19), 264 (100), 263 (33), 
248 (25), 224 (6).. 223 (25), 220 (14), 209 (8), 208 (52), 207 (24), 206 (92), 192 (15), 191 (6). 190 (7), 180 (18), 179 
(23) : 169 (23), 165 (10), 164 (17), 152 (12), 150 (14) r 149 (8), 141 (9), 140 (60), 136 (11) : 125 (6), 120 (5), 110 (8), 
108 (15), 81 (9), 80 (45), 57 (7); IR (CHCI 3 ) 3385 (br), 2918, 2849, 1707. 1625, 1605, 1516, 1457 : 1436, 1405, 1311, 
1282, 1245, 1217, 1172, 1116, 1046, 1001 , 968, 933, 874, 855, 666 cm" 1 . 

50 

(1 1 aS)-7,8-Dimethoxy-2-(methoxycaito 
5-one (42, UP2065, AN-SJG) 

[0146} A catalytic amount of tetrakis(triphenylphosphine)palladium (44.0 mg, 38.0 umol) was added to a stirred so- 
55 lution of the Alloc-protected carbinolamine 41 (0.66 g, 1 .53 mmol), triphenyiphosphine (20.0 mg, 77.0 umol) and pyr- 
rolidine (114 mg, 1 .60 mmol) in CH 2 CI 2 (100 mL). After 2 hours stirring at room temperature under a nitrogen atmos- 
phere, TLC (99% CHCiyMeOH) revealed the complete consumption of starting material The solvent was evaporated 
in vacuo and the crude residue was purified by flash chromatography (98% CHOJMeOH) to afford the PBD (42, 
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AM SJG UP2065, as an orange glass which was repeatedly evaporated *. vacuo with CHCfe ir lonto. 'to provide the 

'SSSiSSZ ^ 481 mg. 95%): (.ft, - .401 .84 • (c - ..00. B^™*^^™"^ 
<c 1 ui\ c o\ ,m 6 81 (s 1H) 4 34-4.27 (m. 1H), 3.95 s, 3H . 3.93 (s, 3H), 3.74 (s, 3H), 3.34 (d, 1M, J 
,6 85 H ' M 1 2H J 3 19-3.10 ft, 1H); «C NMR (67.8 MHz. COC, 3 ) 5 170.6. 162.7. 161.4. ,51 A 147 7. 1404, 
; 26 5 1^9 0 117 4 111 5 109 8. 56.2 56 1 , 53.8. 52.1 . 37.4, 33.6; MS (El), m/z (relative intensity) M2 (M- + 2. 5) 

^S^^^^ ^ - act mass ,or C ^* N2 ° 5 m/e 33012161 obsd 

Example 1(f): Synthesis of KEC-570 (56, UP-2 053) (see Figure 5) 
[0147] 
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1'. 3'.Bis(4-carboxy-2-mcthoxyphenoxy)propanc (43) 

/0 _ ft on 7 [n -n_i F /c 0 m i\ W as added dropwise over a period of 4 hours 

T01481 A solution of diiodopropane 8.79 g, 29.7 mmol) m IHh (!>u mL), wdb duu K 

(100); HRMS: Calcd for C 19 H 20 O 8 - 376.1158 found 376.1168. 
r,3 -Bis(4-carboxy-2-methoxy-5-njtrophenoxy)propane (44) 

730, 645 cm 1 . MS (El): "Vz (relative intensity) 467 (MH> , 1), ™W.WW t w \ J. w 
(4). 210 (7). 194 (2), 182 (7). 164 (14), 153 (2), 123 (3), 91 (6). 77 (3), 55 (5). 44 (100). HRMS (El) 
50 C 19 H 18 N 2 0 12 - 466.0860 lound 466.0871 . 

(2S,4«)-N-(Bcn2oxycarbonyl)-2-carboxy^-hydroxypyrrpHdine(45) 
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excess solvent evaporated in vacuole afford h colourless viscous oil (20.30 g, 100%). [a] 27 D = - 565° (c0.1 . MeOH). 1 H 
NMR (CDCI 3 ): 5 2.07-2.31 (m, 3H f H1), 3.52-3.59 (m. 2H.H3), 4.43-4.53 (m, 2H. H2, H11a).5.8 and 5.11 (s, 2H. minor 
and major rotamers of H6. 1:2). 6.0 (bs. 2H, OH), 7.26-7.29 and 7.32-7.34 (m f 5H, mino. and major rotamers ol H 
arom, 1:2). IR (thin film): v = 3414 (OH). 2940 (OH), 1682 (C=0). 1495. 1429, 1359 (C0 2 ), 1314, 1269, 1205, 1180, 
5 1174. 1127, 1082, 1051, 993, 914, 866, 826, 769 : 741, 697 cm" 1 . MS (El): m/e (relative intensity): 266 (M 4 *, 1), 265 
(6), 220 (5), 176 (15), 130 (34), 108 (2). 91 (100), 86 (4), 68 (11). HRMS calcd. for C 13 H 15 N0 5 = 265.0950 found 
265.0976 



(2S,4f?)-/^(Benzoxycarbonyl)-2-methyoxycarbonyi-4-hydroxyproline (46) 

0 

[0151] A solution of (2S,4H)-N-(Benzoxycarbonyl)-2-carboxy-4-hydroxypyrrolidine (45) (20.30 g, 76.3 mmol) in dry 
methanol (300 ml) was heated at reflux for 18 hours in the presence of a catalytic amount of cone. H 2 S0 4 (2.20 ml, 
7.63 mmol). The reaction mixture was allowed to cool to room temperature and neutralised with Et 3 N (3.0 mL, 76.3 
mmol). The reaction mixture was concentrated in vacuo and the residue redissolved in ethyl acetate (200 mL), washed 

'5 with brine (1 x 50 mL). dried (MgS0 4 ) and excess solvent removed under reduced pressure to afford a colourless gum 
(21.17 g, 99%). [ap D - -59.4° (c 0.014, CHCI 3 ). 1 H NMR (CDCI 3 ) : 5 2.04-2.08 and 2.24-2.35(rn, 1H, rotamers of H1, 
1:1). 2.64 (bs. 1H, OH), 3.54 and 3.74 (s, 3H t rotamers of OWIe, 1:1), 3.66-3.69 [m, 2H, H3), 4.47-4.50 (m, 2H, H2, 
H11a), 5.07-5.1 3 (m, 2H, H6), 7.26-7.35 (m, 5H, H arom). 13 C NMR (CDCt 3 ): rotamer ratio 1:1, 537.8 and 38.5 rotamers 
of (C1), 51 .8 and 52.0 rotamers of (OMe). 54.1 and 54.7 rotamers of (C3), 57.4 and 57.7 rotamers of (C2), 66.9 and 

20 67 0 rotamers of <C6), 68.6and 69.3 rotamers of (C11a), 127.0, 127.3, 127.4 S 127.7, 127.8, 128.0 and 128.1 rotamers 
ol (C arom). IR (thin film), v - 3435 (OH), 3033, 2953 (OH), 1750 ( ester), 1680 (C=0), 1586, 1542, 1498, 1422, 1357 
(C0 2 H), 1170, 1124, 1084, 1052 (C-O), 1004, 963, 916, 823, 770, 750, 699, 673 cm 1 . MS (FAB) m/z (relative intensity): 
280 (M-, 24),' 236 (20), 234 (4), 21 6 (8), 214 (4), 213 (2), 206 (2), 204 (7), 203 (4), 202 (10), 201 (2), 181 (5), 144(16), 
102 (23), 91 (100). HRMS calcd. for C 14 H 17 NO s = 279.1107 found 279.1192 

25 

(2S,4R)-N-(Ben2oxycarbonyi)-2-hydroxymethyl-4-hydroxyproline (47) 

[0152] Lithium borohydride (1 .57 g, 73 mmol) was added portionwise to a solution ol (2S,4H)-rV-(benzoxycarbonyl)- 
2-methyoxycarbonyl-4-hyriroxyproline (46) (20.17 g. 73 mmol) in THF (350 mL) at 0°C. The reaction mixture was 

30 allowed to warm to room temperature and stir overnight. The resulting suspension was cooled to 0°C and quenched 
with water (2-3 mL) until effervescence ceased, at which point 2 M HCI (15 mL) was added to dissolve the precipitate. 
The product was extracted with ethyl acetate (3 x 150 mL) and the combined organic phases washed with brine (1 x 
100 mn and then dried (MgSO-V Concentration in vacuo afforded a white gum (18.25 g, 100%). [aP 3 D = " 4 0 4 ° ( c 
= 0 043 CHCl 3 ). 1 H NMR (CDCI3) : 5 1.24-1.26 (m, 1H, H1), 1.73-2.08 (m, 1H, H1), 3.40-4.30 (m, 6H, H2, H3, H11, 

35 H11a) 5.06 (bs, 1H, OH), 5.09 (s, 2H, H6) 7.25-7.31 (m, 5H, H arom). 13 C NMR (CDCI3): 6 36.7 <C1), 55.2 (C3),58.7 
(C2) 65.0 (C11), 67.0 (C6), 68.7 (C11a), 127.0. 127.5 (C arom), 127.8 (C arom), 128.2 (C arom). IR (thin film): v = 
3390 (OH), 3065, 3033, 2953 (OH), 1681 (C-O carbamate), 1586, 1538, 1498, 1454, 1192, 1122, 978, 914, 862, 770, 
698.. 673 cm" *. MS (FAB) m/z (relative intensity): 252 (W, 58), 206 (33), 176 (5), 144 (6), 118 (8), 116 (7), 92 (13), 
91 (100). HRMS calcd. for C 13 H l7 N0 4 = 251 .1158 found 251 .1230. 

40 

(2S,4H)-MBenzoxycarbonyl-2-f-butyldlmethylsilyloxymethyl-4-hydroxypyrrolidine(48) 

[01 53] f-butyldimethyisilyl chloride (5.78 g, 38.3 mmol) and 1 ,8-diazabicyclo[5,4,0|undec-7-ene (1 .44 mL, 9.6 mmol) 
were added to a solution of alcohol (47) (12.51 g, 49.8 mmol) and triethylamine (7.0 mL, 49.8 mmol) in dry DCM (200 

45 mL ) which had been allowed to stir for 15minutes at room temperature. The resulting mixture was allowed to stir at 
room temperature lor 18 hours and then diluted with ethyl acetate (300 mL). The organic phase was washed with 
aqueous saturated ammonium chloride (2 x 100 mL) and brine (1 x 100 mL) dried (MgS0 4 ) and the solvent removed 
under reduced pressure to yield a colourless viscous oil (9.84 g, 70%). (up 3 D = -263' (c 0.70, CHCI3). 1 H NMR 
(CDCI3) : 5 -0 05 and -0.06(s, 6H, rotamers ot H1\ H2', 1:1), 0.83 and 0.85 (s, 9H, rotamers ot H3', H5\ H6\ 1:1), 

so 1 .95-2 22 (m, 2H, H1,) T 2.7B (bs. 1H. OH), 3.44-3 68 (m, 3H, H3, H11), 3.99-4.10 (m, 1H, H2), 4.43-4.46 (m, 1H. H11a), 
5 11-5.16 (m, 2H, H6) 7.34-7.35 (m, 5H, H arom) ™C NMR (CDCI 3 ): rotamer ratio of 1 :1 , 5 -5.50 (C3\ C5\ C6% 18.15 
(C4'). 25.83 (CV, C2'), 36.55 and 37.27 rotamers of (C1), 55.2 and 55.7 rotamers of (C3), 57.3 and 57.8 rotamers of 
(C2) 62 8 and 63.9 rotamers of (C11). 66.6 and 67.0 rotamers of (C6), 69.7 and 70.3 rotamers of (C11a), 127 8 (C 
arom) 127 9 (C arom), 128.0 (C arom), 128.4 (C arom), 128.5 (C arom), 136.5 and 136.8 rotamers of (C7), 154 9 

55 and 155.2 rotamers of (C5). IR (thin Him): v = 3415 (OH), 3066, 3034, 2953 (OH) : 2930, 2884, 2857, 1703 (C=0 
carbamate), 1587, 1498, 1424, 1360<C-CH 3 ), 1288 (CH 3 Si). 1255 (f-Bu), 1220, 1195 (f-Bu), 1118 (Si-O). 1057, 1003, 
917, 836, 774, 751, 698, 670cm- 1 . MS (El/Ct) m/e (relative intensity): 366 (M-. 100), 308 (14), 258 (2). 91 (2). 
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(2S,4fl)-2 -f-butyldimethylsilyloxymethyl-4-hydroxypyrrolidine (2) 

t 01S4, A s.ur* or 10% Pd/C (190 m 9 ) in ethyl acetate (20 Jj>~^ 

g, 5.19 mmoi) in elhanol (100 mL). The reaction ^ pressure to give a 

removed Oy vacuum Nitration through ™^ (CDC, 3 ): 6 -(0.07-0.08) (n, 

yellow oil in quantitative yield (1 .20 g, 100 A), a] D - <3S.b \c u. . £ 3 .47-3.50 (m t 3H, H11a, H3). 

232 (M*\ 100), 230 (13), 174 (5), 133 (6), 86 (6). 
1,1^(Propane-1^^ 

b'utyldimethylsilyloxymethyI-4-hydroxypyrrolidme (49) 

[01551 A cata.ync an^n, o, DMF (2 .ops) was adde^o. ^^^ n ^i^iS 
mmo.) and oxaly, chlortfe (0.94 -^10.70 mrno, dissolved In dry THF (20 mL) and 
4 h. Alter evaporation ot excess THF m vacuo, the resultant ve »° w 4? 10 70 „ m # )h b 3 n 

added dropwise over a period o, ^minutes to a ^fallowed to warm .o room 

(2.50 n,L, 17.9 mmo.) and ice/water (0.6 mL coo^ ^^'^Z. the residue was diluted wi,h water 
temperature for a further 1 .5 h. After removal of the Tl IF by eva P°™'°" " ' washed wiln water (3 x 25 

(10 0 mL) and extracted with ethyl acetate (3 x 100 mL . The comb mod ongan-c ^ ^JJL oil which was purified 
It) and brine (3 x 25 mL), dried ( M gS0 4 ), and the (2.05g, 54%). laP« D = ■ 

by Hash chromatography (3% MeOH/CHCI 3 ) to afford the brs-am.de (49 as a ycHo w so ( g ^ 
993" (C0.033, CHCy. MMR (CDC 3 ): 8 -0.05 (S 12H H1\ H2 ) 0.80 s^ 1BH H3 H5 H , ^ 
2.14-2.16(m, 2H. H1). 2.19-2.24 (m : 2H. H13), 2.85-2.B9 (m, 2H H2 3.1 6*1 • (nvj H ) ^ 
3.81 (s, 6H. OMe). 3.99-4.10 (m, 2H H3), WMH- J" " "12) 4.38 1 ^ 

6.65 (S, 2H. H6), 7.55 (s, 2H. H9). «ONMR (CWJ:« 35 (C U =2 UMgJ ). * w 2 

36.1 (C1), 54.9 (CH 3 0). 56.6 (C4). 57.3 (C12) 65.0 C3), mo «). 1«J 109. ( £ ^ 

148.1 (Q), 148.5 (O), 154.5 (Q), 166.5 (O). IR (Ihm Wnr* v = 3392 OH). 2950 2856. ^ ^ 

(N 0 2 ). 1459, 1432, 1381, 1338 (C-CH,), 1278 (CH 3 -S,) 219 f-Bu). 1 84 (f Bu). 1075 ^ 
778 724 668. 649. cnrV MS (FAB) m/2 (relative intensity) : 894 (M B).WB (19), l°>- 
517 (3), 459 (5), 258 (7), 100 (3). 86 (4), 75 (29), 73 (100). 59 (17). 58 (6). 

1 1, [[( Propane.1.3^.y.)dioxy]bisl2-amino.5-me,hox y -1.4-pheny l ene)carbony.n-bis[(2S.4 R )-2- f - 
b'utyldime1hylsilyloxymethyl-4-hydroxypyrrolidine(50) 

,0156, A slurry of 10% Pd/C (155 mg) in elh, acetate ,20 mL) J^J^^^J?^^ 
g. 1.73 mmo.) in e.hano. (100 mL). The reac.ion nurture was hyd og "^S P^S« toU a yellow oil (50) in 
Lure was filtered through Ce.i.e and the solvent was removed under f™«£™ & ™«* 3 . H5 7 H6>) , 2 . 00 .2.25 
quantitative yield (1 .44 g, 100%). 'H NMR (CDCI 3 : 8 0 00 (< ,. 12H HI . H I), 0.88 fr. ™ • • ^ 
?m, 6H, HI. H13), 3.50-3.72 (m, 12H, H2. H3. H11 HI 1a). 3.74 s » L OMe) 4. 6 i 4^20 ^ . ^ 
4H, H12), 4.49 (bs, 2H, OH); 6.23 (S, 2H. H9). 102 2 (C9) 112.6 (C6), 140.4 (Q). 

(C3\ CS\ C6), 29.6 (C13). 35.2 (C1), 56.7 (CH 3 0), 6 *2 : (C4). 64.1 (C3) /0 .0 (C2 . «J ^ ^ 1433 , 140 6. 
141.1 (Q). 150.6 (Q). 170.1 (O), IR (nea,): v = 33 5 9 OH 2929 2 5 6 1<B1 C O) V59H *^ ^ ^ 

;5Se^ 

166 (44), 150 (8), 100 (10), 73 (100). 
n, H( P,op,ne.1>d iy .)d^ 

4*fl)-2^butyWimethyl8llyloxymcthyM-hydroxy-pyrrolidine (51) 

m0 »=.coo,.d»0-C.A, V chlo,olom,,,.(0.80^7.53™=0,nKM^ 
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H3\ H5\ H6'), 2.03-2.36 (m, 6H, H1 , H13), 3.51-3.58 (m, 6H, H2, H3), 3.77 (s, 6H, OMe), 4.20-4.26 (m, 8H. H1 1 , H12), 
4.28-4.30 (m, 2K H11a) f 4.56-4.60 (m. 6H, H8\ OH), 5.25 (dd, 1 5 Hz, J x 3 = 15.0 Hi, 4H, H10'), 5.90-5.95 (m. 
2H, H9'), 6.7? rs, 2H, H6), 7.63 (s, 2H, H9), 8.80 ts, 2H : NH). l3 C NMR (CDCI3): 6 -5.42 (C1\ C2*), 25.8 (C3\ C5\ 
C6') r 29.2 (CI ... 35.4 (C1), 56.3 (CH 3 0) f 57.1 (C11a), 59.8 (C11), 62.2 (C3), 65.1 (C12). 65.7 (C3'), 70.5 (C2), 106.3 
5 (C9), 111.5 (C6), 116.5 (Q), 118.1 (C10') ( 131.7 (Q), 132.5 (C9*), 144.3 (Q), 150.3 (Q), 153 8 (Q), 169.5(Q). IR (neat): 
v = 3351 (OH), 2931, 2857, 1762 (Alloc C-O), 1722, 1603 (C=0) : 1521 (C arom), 1463, 1404, 1264 (CH r Si), 1222 
(/-Bu), 1106 (f-Bu), 1053, 1015, 936, 872, 837, 775, 629 : cm' 1 . 

"* ,V-[t(Propane-1 ,3-diyl)dioxy]bis[2-atnino-W-ailyloxycarbonyl-5-methoxy-1 ,4-phenylene)-carbonyl]}-bis[(2S)- 
10 2-f-butyldimethylsHyIoxymethyI-4-oxo-pyrrolidine (52) 

[0158] A solution of dimethyl sulphoxide (2.10 mL, 28.5 mmol) in dry DCM (20 mL) was added dropwise over a 
15minutes period to a stirred, cooled (-45°C) solution of oxalyi chloride (1 .27 mL 14.60 mmol) in DCM (30 mL). After 
35minutes s a solution of alcohol (51 ) (2.54g, 2.53 mmol) in DCM (20 mL) was added dropwise over a period of 15minutes 

is to the reaction mixture at -45°C. After 45minutes a solution of trietbylamine (5.75 mL, 40.3 mmol) in DCM (20 mL) was 
added over a period of 15minutes and the reaction mixture stirred at -45°C for 30minules before warming to room 
temperature over 45minutes. The mixture was then washed with 1 M CuS0 4 (3 x 50 mL), water (2 x 50 mL) and brine 
(1 x 50 mL) before drying (MgS0 4 ) and concentrating in vacuo to give (52) as a yellow solid (2.46g, 97%). 1 H NMR 
(CDCI 3 ): 6 0.00 (s, 12H. H1\ H2'), 0.86 (s, 18H, H3\ H5\ H6'), 2.50 -2.63 (m, 6H, H1, H13), 3.63-3.70 (rn, 4H, H3), 

20 3.8O (s, 6H. OMe), 3.93-3.97 (m, 6H, H11, H11a), 4.29-4.32 (m, 4H, H12), 4.62 (d, 4H, J = 5.7 Hz, H8'), 5.27-5.32 (m, 
4H, H10»), 5.98-6.03 (m, 2H, H9'), 6.74 (s : 2H, H6), 7.74 (s, 2H, H9), 8.80 (s, 2H, NH). 13 C NMR (CDCI 3 ) : 5 -5.76 (C1 1 , 
C2'), 18.0 (C4*), 25.7 (C3>, C5', C6') : 26.8 (C13), 39.6 (C1), 55.0 (C3), 56.4 (CH3O), 65.3 (C12), 65.0 (Cff), 105.9 (C9), 
110.7 (C6), 118.2 (C10 l ), 132.4 (C9*), 150.7 (Q), 153 5 (Q), 169.1 (Q), 210.0 (C2). IR (neat): v = 3308 (OH), 2931, 
2856, 1765 (Alloc C=0), 1730, 1624 (C=0), 1602 (C=0), 1522 (C arom), 1468, 1407, 1332, 1259 (CH 3 Si), 1204 (f- 

2S Bu), 1105 (f-Bu), 1053, 1010, 937, 870, 837, 808, 778, 674, 657 cm' 1 . 

l^'-MPropane-l^iylJdioxyjbisp-amm 

2-rbutyldimethylsilyloxymethyl-4-methoxycarbonyl methyl-2,3-dihydropyrrole (53) 

30 [0159] A solution of diethylmethylphosphonoacetate {0.80 mL, 4.21 mmol) in THF (50 mL) was added to a suspension 
of NaH (343 mg, 4.21 mmol, 60% dispersion in mineral oil, washed with petroleum ether) in dry THF (50 mL) at 0°C 
under a nitrogen atmosphere After stirring at room temperature for 1 h, a solution of the dimer ketone (52) (2.04 g, 
2.00 mmol) in THF (50 mL) was added dropwise at 0°C. The reaction mixture was allowed to warm to room temperature 
over 18 h. Excess THF was removed under reduced pressure and the residue cooled in an ice bath before adding 

35 NaHC0 3 (50 mL) followed by EtOAc (50 mL). The layers were separated and the aqueous layer washed with EtOAc 
(2 x 50 mL). The combined organic layers were washed with brine (1 x 50 mL), dried (MgS0 4 ) and the solvent removed 
in vacuo to give a yellow oil. Flash column chromatography (2.5% MeOH/CH 2 CI 2 ) afforded the product (53) as a yellow 
solid (2.00 g, 88%). 1 H NMR (CDCI 3 ) : 5 -0.01 (s, 12H, H1\ H2'), 0.83 (s, 18H, H3\ H5\ H6'), 2 35-2.40 (m, 2H, H13), 
2.65-2.86 (m, 4H, H1), 3.03-3.09 (m. 4H, H14), 3.62 (s, 3H, OMe), 3.75 (s : 6H, H16), 3.95-4.10 (m, 4H, H11), 4.24-4.35 

40 (m s 4H, H12), 4.58-4.70 (m, 6H, H8\ H11a), 5.25-5.33 (m, 4H, H10 1 ), 5.93-5.97 (m. 2H, H9'), 6.33-6.40 (m, 2H, H3), 
6.74 (s, 2H, H6), 7.80 (s, 2H. H9), 8.75 (s, 2H, NH). «C NMR (CDCI 3 ): 5 -5.52 (C1\ C2'), 18.0 (C4'), 25.7 (C3\ C5', 
C6'), 28.7 (C13), 33.8 (C14), 34.6 (C1), 51 .9 (CH 3 0), 56.5 (C16), 62.2 (C11), 65.2 (C12). 65.6 (C8'), 105.4 (C9), 111 .9 
(C6), 11 7.9 (C10 1 ), 128.2 (C3), 132.5 (C9*), 143.9 (Q), 150.7 (Q),153.4 (Q), 165.7 (Q), 170.6 (Q). IR (neat): v - 3402 
(OH). 2954. 2857, 1 735 (ester), 1 726 (Alloc C=0), 1642, 1600, 1526 (C arom), 1469, 1435, 1354, 1256 (CH 3 -Si), 1221 , 

'5 1201 (f-Bu), 1112 (f-Bu), 1048, 1010, 934, 866, 836, 776 cm* 1 . MS (FAB) m/Z (relative intensity): No parent ion, 496 
(10), 482 (9), 455 (11), 441 (13), 232 (12), 206 (19), 204 (10), 200 (14), 192 (34), 188 (23), 172 (33), 165 (18), 152 
(17), 150 (16), 149 (100), 147(1 7) : 140 (20), 131 (18), 103 (22). 91 (47), 89 (27). 87 (36), 80 (33), 75 (42), 73 (77), 61 
(39), 57 (53). 

50 1 ,1'-[((Propane-1 ,3"diyl)dloxy]bis[2-amino-W-a!lyloxycarbonyl"5-methoxy-1 ,4-phenylene)-carbonyl]]-bis[(2S)- 
2-hydroxymethyl-4-methoxycarbonylmethyl-2,3-dihydropyrrote (54) 

[0160] Hydrofluoric acid.pyridine complox (3.5 mL) was added to a solution of dimer ester (53) (740 mg, 0.67 mmol) 
in THF (10 mL) under a nitrogen atmosphere at 0 D C. The reaction was allowed to stir for 30minutes at 0°C and then 
55 to warm to room temperature over 1 h. The reaction mixture was neutralised with NaHCO a until evolution of C0 2 
ceased. The product was extracted with DCM (3 x 30 mL), washed with brine (1 x 20 mL) and then dried (MgS0 4 ). 
Removal of solvent under reduced pressure gave the product as a yellow gum (530 mg, 90%). 1 H NMR (CDCI3): 5 
2.39 (m, 2H, H13), 2.95-2.99 (m, 4H, HI), 3.09-3.12 (m, 4H, H14), 3.68 (s, 3H. OMe), 3.74-3.78 (m. 4H, H11), 3.81 
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( , SH. H16). 4.28-4.34 <m, -H. H1 2 ). 4.62 (d. •/= 5, J*™* 
5 28.8 (C13). 33.5 (C14), 35.5 <C1). 52.1 (CH 3 0), 56.6 (C16) 65.3 (C1Z), bb.« J 

(24), 80 (70), 73 (281,57 (30). 
IV-rHPropane-^dlyOdioxylbisKHaS^^ 

2;3-d!hydro P yrro.e-1,3.11a-tr i hy t .r,-5H-pyrroloI2,1-c][1,4]bezod laZ ep.n.5-one(55) 

[016,1 A soMion o, dimethyl suboxide (0.27 mL. 3.82 J JO "V™*^^™* 

Isminutes pcnod ,o a stirred, cooled (-45-C, solution of oxa y » <^ .« ^ ) ^ ^ ^ 
35minutes, a solution ol subs.rate (54) (600 mg, 0.68 mmol) m ^.^1 .rf^amine (0 78 mL 5.42 mmol) in DCM 
ISminutcs ,o he reaction mixture at -45'C. Alter «*»^ 'jKTSSSl^-- betore being 
(10 mL) was added over a period , «, 1™"-"^ ^J^oIS22- with water (10 mL) and the iayers 
allowed to warm to room temperature ^^T^^^Zl brine (1 x 50 mL) be.ore drying (MgS0 4 ) and 
separated. The organic layer was washed w.th 1 M HCI (3 x 50 *V an \ 

concentrating „> vacuo. Flash column chromatograp hy (1 5% MeOHA j > 4H £ 3 u . 3 19 {m , 4H . 
(uF o.3 D = +69Mc 0.484. CHCI 3 ). 'H NMR (CDC 3 ): ^^•^•^ ) ^^°i 1a)f 44^4.68 (m.4H. H8r). 
H14). 3.71 (S, 3H, OMe), 3.88 (s, 6H. H16), 4.21-4.40 (m 4H H12). ^ 5 4 -50 (rn, 2H >, ^ », 

5 265.30 (m, 4H, H10% 5.77 (d, J = 8.61 Hz, 4H H11) £90-5*6 <m_ 2KH9 ),S 7^6 

H9), 7.22 (s. 2H, H6). «C N M R SLS' 1 S Bi'o O^L (Q), 167.3 (Q), 

66.0 (C8-), 105.6 (C9), 111.8 (C6), 118.1 <^V^ 'SVfS^S 1844 1421. 1362. 1273.1223.1092.902. 
170.7 (Q). IB (neat): v = 3583, 3412 (OH), 1730 ester) 1713 (Alloc C-O), 1644. 142 ^ 

, 14l( P ropa ne.1.3.d ly ,^^ 

1 .3.1 1a-trihydro.5H-pyrrolo[2.1-c]i1 .4lbezodiazepin-5.one (56) 
l0 162, A catalytic amount o, te.raKs.Hpheny.^ 

o, caLo.amine (55) (219 mg. 0.25 mmol), '"P^f £ ^^sSe Sallowed to warm .0 room 
mmol) in dry DCM ,30 mL) a, 0»C. The to'.lash column chromaiog- 

temperature over 1 h. The solvent was removed ,n vacuo and lh ^ reS '°^ ^ 19 5 ' +500 „ (c 0 . 04 3. CHCI 3 ). 1 H NMR 
raph P y (2% MeOH,CH 2 C. 21 R, - 0.25 ) to ^yield la yellow gUjss < 0 m 6 ^ ^ J" 6H H16) 4 . 2 V 4 . 30 (m , 
(CDCI3): 6 2.17-2.42 (m, 2H, H13). 3.15-3.32 (m. 8H. HI. H14), 3. 72 « (s 3H ._ U , V ^ 
6H. H12, H11a). 6.84 (s, 2H, H9). 6.92-7.06 (m. 2H H3). 747 8 2H. I ™* J g (C6) . 

(COCU): 5 28.7 (C13). 33.6 (C14). 37.4 (C1), 52.2 W) 53* (C11 , _ 56 ^16£ f 4 C = ^ 3394 2997. 2950. 
26.5 C3),140 l 2,Q). 148.0 (Q),151.0 (Q). Jf ^i^^^llK. 1068.995.963. 

173 6 (ester). 17!7 (Alloc C=0). 1628, 1596 15 ^^^^^.^ ^,9900.191 (7).110W. 
914 842,753 cm" VFABMSntfz (relative intensity): b73(M , 2), 2/9 (t>). ^/M ;. 

45 93 (100),' 91 (24), 75 (28), 73 (20), 61 (12), 57 (33). 
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Example 1(g) : Synthesis of (lla^-l^la-dmydro-y^S-dimethoxv^ethenyl-SH^pyrrolo^^^lfl^l 
benzodiazepin-5-one (See Figures 6a/b) 

[01 63} 

5 



MeO 

to 

MeO 



t5 

DRH360 /^(4 ; 5-dimethoxy-2-njtrobenzoy1)hydroxyproline methyl ester (169) 

[0164] Oxatyl chloride (1 5.38 g, 121 .11 mmoi) was added in one portion to a stirred suspension of 2-nitro-4,5~dimeth- 
oxyben/oic acid (34) (25.01 g, 110.10 mrnol) in anhydrous DCM (100 mL) at room temperature. A catalytic amount of 

20 DMF (2 drops) was added (CARE! - increased gas evolution) and the reaction mixture was allowed to stir for 16 hours 
under an inert atmosphere. The acid chloride solution was added dropwise to a vigorously stirred solution of the pyrrolo 
C-ring (168) (34.90 g, 1 1 0.1 0 mrnol, JOC 5, 1 3, 1 994.. 3621) and TEA (45.95 mL, 33.36 g, 330.29 mrnol) in anhydrous 
DCM (100 mL) at -20°C The reaction mixture was allowed to stir for 16 hours at room temperature. The reaction 
mixture was washed with saturated NaHC0 3 (2 x 200 mL), saturated NH 4 CI (2 x 200 mL), water (2 x 200 mL), brine 

25 (2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and evaporation of the solvent in vacuo afforded the crude 
product (169), which was purified by flash column chromatography using EtOAc as eluent. Pure fractions were com- 
bined and evaporation of excess eluent in vacuo afforded the product as a foam (33.26 g, 93.9 mrnol, 85%). 1 H NMR 
(270 MHz, CDCI 3 ) d 7.69 (s, 1H), 6.87 (s, 1H), 5 31 (s, 2H), 4.97-4.82 (m, 1H), 4.44 (br s, 1H), 3.99 (s. 3H), 3.98 (s, 
3H), 3.81 (s, 3H), 3.54-3.48 (m. 1H) : 3.18 (d. 1H, J= 2 02 Hz), 2.87 (br s, 1 H), 2.45-2.1 6 (m, 2H); ™C NMR (67.8 MHz. 

30 CDCl 3 ) d 172.6, 172.5. 167.5. 166.8. 154.4, 154.0. 149.3, 137.5, 137.4, 127.0, 126.2, 109.5, 107.2, 107.1.69.9, 69.1, 
59.2, 57.4, 56.9, 56.8, 56.6, 56.4, 54.6, 53.5, 52.5, 52.4, 39.4, 38.0. 

(1 1 aSHJ-dimethoxy-2(/tyhydroxy-2 ,3,5,1 
benzodiazepine (170) 

35 

[0165] 10% Pd/C catalyst (3.3 g) was added to a solution of 169 (33.0 g, 93.1 mmoi) in absolute EtOH (250 mL). 
The reaction mixture was hydrogenated under pressure using a Parr hydrogenator at 55 psi H 2 for 18 h. The reaction 
mixture was filtered through celite, and the celite washed with hot MeOH, taking care not to allow the filter cake to dry 
out. Removal of excess solvent afforded the crude product (20.14 g). The crude product was allowed to stir in 1 N HCI 

40 (200 mL) and CHCl 3 (200 mL) for 30 minutes. The organic layer was washed with 1 N HCI (1 00 mL) and the aqueous 
layers were combined and neutralised with saturated aqueous NaHC0 3 . On leaving the aqueous extract overnight, a 
fine white precipitate formed (170) which was collected by filtration and dried (7.81 g, 26.72 mrnol 29 %). 1 H NMR 
(270 MHz, CDCI3) d 10.06 (s, 1H, NH), 7.61 (s, 1H, ArH), 7.36 (s, 1H, ArH), 4.49-4.41 (m, 1H, 2), 4.22-4.1 7 (m, 1H, 
11a), 3.88 (s, 6H), 3.82-3.55 (m. 2H, 3), 3.20 (br s, 1H, OH), 2.87-2.77 (m, 1H ( 1) r 2.10-2.05 (m, 1H, 1); 13 C NMR 

45 (CDCl 3 ) d 170.2, 165.9 : 152.0, 145.7, 130.7, 118.2. 111.9, 104.2, 68.1 , 56.0, 55.6, 54.2, 34.6, 18.8. 

(1 1aS)-6,7-dimethoxy-2(/?H(ter^ 
[2,1-cJ[1 ,4-]benzodiazepine (171) 

50 [0166] Solid TBDMS Chloride (8.22 g, 54.44 mrnol) was added in one portion to a solution of 170 (7.23 g, 24.74 
mmoi) and imidazole (8.42 g, 123.72 mrnol) in anhydrous DMF (75 mL) and allowed to stir at room temperature for 16 
h.The reaction mixture was poured into water (500 mL) and filtered to afford the crude product (171), which was purified 
by recrystallisat ion from EtOH (800 mL) as fine white needles (6.995 g. 17.21 mrnol, 70%). 1 H NMR (270 MHz, CDCI 3 ) 
5 10.06 (s, 1H, NH), 7.37 (s, 1H, ArH). 6.68 (s, 1H, ArH), 4.19-4.14 (m, 1H.2). 4.06-4.01 (m : 1H, 11a). 3.90 (s. 3H, 

55 OMe), 3.88 (s : 3H, OMe), 3.69-3.63 (m, 2H, 3), 2.85-2.80 (m, 1 H, 1), 2.05-2.01 (m, 1 H, 1 ); 13 C NMR (67.8 MHz, CDCI 3 ) 
5170.4, 170.2, 165.9, 152.1.145.8, 145.6, 131.1, 130.7, 118.1, 111.9, 104.3, 104.1,69.2.69.1.56.0,55.9,55.7,54.3, 
54.0, 35.0. 25.8, 25.7, 25.6, 17.9, -3.0, -3.5, -4.9, -5.0. 
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(11 aS)-6.7.dlmethoxy-2<«H(fert-buty ldimethy| S ,ryl)oxy]-2.3.5,1 0.1 1 ,1 1 a-hexahydro-1 0-[2-(tri m ethyls.lyl) 
ethoxymethyl]-5.11-dioxo.1«-pyrrolo[2,1-cj[1,4-1bcnzodia2epine(172) 

101671 A solution 01171 (6.50g. 1 5.99 mmol) in anhydrous DMF (27.5 mL) was added dropwise to a stirred suspen- 
5 sion of NaH (0 422 g. 0.704 g of a 60 % dispersion in mineral oil. 1 8.34 mmol) al 0°C and the reaction mixture was 
allowed to stir for 30 minutes. A solution of SEM chloride (3.1 1 mL, 2.93 g, 1 7.59 mmol) in anhydrous DMF (5 ml) was 
added dropwise to the stirred reaction mixture at 0°C and allowed to stir at room temperature lor 1 6 h. The reaction 
mixlure was poured into water (200 mL) to afford a white precipitate, which was extracted with diethyl ether (4 x 300 
mL). The organic layer was washed with water (2 x 50 mL). brine (2 x 50 mL) and dried over anhydrous MgS0 4 . 
io Filtration and evaporation of the solvent in vacwaflorded the crude product, which was purified by flash column chro- 
matography using an 80:20 mixture of petroleum ether:EtOAc as eluent. Pure fractions were combined and evaporated 
in vacuo to afford the product (172) as a yellow oil (7.01 g, 13.1 mmol, 82 %). NMR (270 MHz, CDCI 3 ) 6 7.35 (s, 
1H ArH) 7 24 (s 1H ArH), 5.52 (d. 2H, J=9.S9 Hz. SEM amino acetal CH 2 ). 4.65 (d. 2H, J= 9.90 Hz, SEM amino 
acetal CH 2 ). 4.61-4.56 (m, 1H, 2), 4.23 (dd, 1H, J = 4.40 Hz. 8.24 Hz, 11a). 3.94 (s. 3H, OMe), 3.92 (s. 3H, OMe)^68 
.5 ,m, 4H, SEM V CH 2+ 3). 2.86 (m, 1H, J), 2.02 (m. 1H, 1), 0.98 (t. 2H. J= 8.25 Hz. SEM 2' CH 2 ), 0^88 (s 9H.^ TBD US 
t-Bu CH 3 ) 0 10 (s. 6H, 2 x TBDMS S.CH 3 ), 0.03 (s, 9H, 3 x SEM SiCH 3 ); « C NMR (67.8 MHz, CDCI 3 ) 5 1 70.0, 165.6.. 
151.8, 147.1, 133.9, 121.5, 111.2, 105.5, 78.1 , 69.6, 67.0, 56.5, 56.2, 56.1 , 53.6, 35.5, 25.7, 18.4, -1.3, -4.8. 

(11aS)-6,7-dimethoxy-2(fl)-hydroxy-2^ 
20 1H-pyrrolo[2,1-c][1,4-]benzodiazepine (173) 

[0168] A solution of 1 N TBAF in THF (19.58 mL, 19.58 mmol) was added to a stirred solution of 172 (7.0 g, 1005 
mmol) in THF (50 mL). The reaction mixture was allowed lo stir at room temperature for 2 hours and diluted with DCM 
(200 mL), washed with water (2 x 200 mL), brino (2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and removal 
25 of excess solvent afforded the crude product, which was purified by flash column chromatography usinj ,50:5 > pe ro- 
leum ether:EtOAc as eluent. Evaporation in vacuo of the pure fractions afforded the product (173) (5.9 g). H NMH 
(270 MHZ. CDCI 3 ) 67.30 (s, 1H, ArH), 7.24 (s, 1H. ArH), 5.52 (d, 1H, J- 99 Hz, SEM .amino ^tal CH 2 ) 4.68-4.64 
m, 2H. SEM ammo acetal CH 2 + 2), 4.30 (dd, 1H, J = 5.86, 8.24 Hz), 3.91 (s. 3H, 0Me )- 3 f< s ; 3H ;° M ^^ H 5 
m, 4H. SEM V CH 2 , 3). 2.95 (dt, 1H. J= 5.31. 13.56 Hz. 1), 2.17-2.08 (m. 1H, 1). 1 .02-0^93 (m, 2H, SEW 2 CH 2 ). 
00 0.03 (s. 9H. 3 x SiCH 3 ),i3 C NMR (67.8 MHz, CDCI 3 ) 6 169.7, 165.9. 151.9. 147.1, 134.0. 121.1. 111.2. 105.5. 78.2. 
69.1, 67.1 . 56.5. 56.1 , 53.9. 34.9, 18.4, -1.3. 

(11aS)-6,7-tlimethoxy-2, 3,5,10,1 1,11a-hexahydro-10-[2-(trimethylsilyl)ethoxymethyn-2,5,11-triox»-1 H-pyrrolo 
[2,1-c][1,4-]benzodiazepine (174) 

[0169] Anhydrous DMSO (3.28 g, 41 .94 mmol) in dry DCM (20 mL) was added dropwise ever 5 minutes to a stirred 
solution of oxalyl chloride (10.48 mL of a 2 N solu.ion in DCM, 20.97 mmol) under a nitrogen adhere •» "50 c - 
After stirring for Sminutess, a solution 173 (5.90 g, 13.98 mmol), in dry DCM (45 mL) was ^ 
45minutesutes to the reaction mixture, which was then stirred for a further 45minutesutes at -50 C. TEA (9.89 g, 97.87 

40 mmol) was added dropwise to the mixture over 15 minutes followed by slirring lor a farther 1 S nmO*. 

[0170] The reaction mixture was left to warm to room temperature, diluted with H 2 0 (1 50 mL) and DCM (100 mL) 
The organic phase was washed with 1 N HCI (2 x 100 mL), water (2 x 100 mL), brine (2 x 100 mL) and dried over 
MgS0 4 . Filtration and evaporation afforded the crude product (174), which was purified by Hash column chromatog- 
raphy using 50:50 petroleum ether (40-60»):EtOAc as eluent. Evaporation of the pure fractions .«« >* «*d the 

« product (4.33 g. 10.3 mmol, 74 %). 'H NMR (270 MHz, CDCI 3 ) 5 7.30 (s, 1H, ArH), 7.24 (S, H ArH) 5«0 (d 1H J- 
9.89 Hz, SEM amino acetal CH 2 ). 4.69 (d, 1H, J= 9.89 Hz, SEM amino acetal CH 2 ), 4 .62 (dd V H. J= 9.89, 3.12 Hz 
11a) 426-4 19 (m 1H 3), 3.95 (s. 3H. OMe). 3.94 (s. 3H, OMe). 3.81-3.49 (m, 4H, SEM 1 CH 2 ,. f + 3), 2.82-2.71 
(m1F I'l) 0.95(1 2^ = 2.01 Hz. SEM 2' CH 2 ), -0.04 (s.9H. SEM CH 3 ); ,3 C NMR (67.8 MHz, CDCIj) 6206.8, 168.8, 
165.9, 152.4, 147.5, 134.0. 120.4, 111.1, 105.6,78.2,67.2, 56.2, 54.B. 52.3,37.3, 18.3, -1.3. 

50 

(11aS)-5,10,n,11a-tetr a hydro-7,8-dimethoxy-10[2-(trimethylsilyl)cthoxymethylJ-2-[[(trifluoromethyl) 
sulphonyl]oxy]-5,11-dioxo-1H-pyrrolo[2,1-c][1,4]bcnzodiazcplne(175) 

[0171] Anhydrous pyridine (0.46 mL. 0.452 g, 5.73 mmol) was added in one portion to a vigorously stirred solution 
55 of 174 (2 0 g 4 77 mmol) in anhydrous DCM (100 mL) and the mixture left to stir for 10 minutes at room temperature. 
Anhydrous tri.lic anhydride (1.25 mL. 1.48 g, 5.25 mmol) was added quickly, in one portion, and the react.on ^ mixture 
was allowed to stir a. room temperature for 4.5 h. The darkened, homogenous reaction mixture was poured into cold 
saturated NaHC0 3 (200 mL) and the mixture was extracted with DCM (3 x 50 mL). The organic layers were combined. 
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washed wilh water (2 x 200 mL), brine (2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and evaporation 
afforded the crude product, which was purified by flash column chromatography using 80:20 petroleum ethenEtOAc 
as eluent. Evaporation of the pure fractions in vacuo afforded the product (175) as a yellow oil (1 .79 g, 3.25 mmol. 68 
%). 1H NMR(270 MHz, CDCI 3 ) 5 7.29 (s, 1H. ArH), 7.23 (s, 1H, ArH), 7.15 (t, 1H, J = 2.01 Hz, H3), 5.53 (d, 1H, J~ 
5 10.07 Hz, SEM amino acetal CK,), 4.68 (d, 1H, J- 9.89 Hz, SEM amino acetal CH 2 ). 

(1 1 aS)-7,8-dimethoxy-2-ethenyl-5 ,1 0 ,1 1 ,1 1 a-tetrahydro-1 0-(2-(trimethylsilyl)ethoxymethyl)-5,11-dioxo-1 H- 
pyrrolo[2,1-c][1 ^benzodiazepine (176) 

10 [0172] A catalytic amount or tetrakistriphenylphosphine palladium [0) (4 mol%, 0.142 g, 0.123 mmol) was added to 
a stirred mixture of 175 (1 .69 g, 3.0t> -mol), LiCI (0.39 g, 9.19 mmol), and tributytvinyltin (1 .16 mL, 1.26 g, 3.98 mmol) 
in anhydrous THF (1 00 mL) and heaioo at reflux for 2.5 h. The cooled reaction mixture was diluted with DCM (100 mL) 
and the mixture washed with 10 % aqueous ammonium hydroxide (200 mL). The organic layer was washed with brine 
(2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and evaporation of the solvent in vacuo afforded the crude 

>5 product, which was further purified by flash column chromatography using a 80:20 mixture of petroleum ether:EtOAc 
as eluent. Pure fractions were combined and evaporation of the solvent in vacuo afforded the product (176) as a 
colourless oil (0.992 g, 2.312 mmol : 75.5 %). %). *H NMR (270 MHz, CDCI 3 ) 6 7.32 (S, 1H ; ArH), 7.22 (s, 1H. ArH), 
6.94 (s, 1H, H3), 6.51 (dd, 1H, J~ 10.62, 17.22 Hz, alkene CH), 5.51 (d, 1H t 10.07 Hz, SEM amino acetal CH 2 ), 
5.20 (d, 1H, J= 8.24 Hz, alkene CH 2 ), 5.15 (s, 1H, alkene CH 2 ). 4.66 (d, 1H, J= 9.89 Hz, SEM amino acetal CH 2 ), 

20 4 54 (dd ; 1H, J = 3.30, 10.62 Hz, H11a), 3.90 <s, 3H, OMe), 3.89 (s, 3H, OMe) : 3.82-3.60 (m, 3H, SEM 1* CH 2 + H1), 
2.91-2.82 (m, 1H ; H1), 0.96 (t, 2H, J~ 8.42 Hz, SEM 2' CH 2 ), -0.04 (s, 9H, SEM CH 3 ); 13 C NMR (67.8 MHz, CDCI 3 ) 
6169.3, 161.8, 152.1, 147.3, 133.8 ; 129.8, 126.0, 125.1,121.2,115.1, 111.4, 105.9, 78.5,67.1,57.6,56.2,56.2, 29.6, 
18.4,-1.34. 

25 (1 1 aS)-1 ,1 1 a-dihydro-7,8-dimethoxy-2-ethenyl-5H-pyrrolo[2 t 1 -c][1 ,4]benzodiazepin-5-one (1 77) 

[0173] Solid sodium tetraboro hydride (NaBH 4 , 81 mg, 2.175 mmol) was added in one portion to a rapidly stirred 
solution of 176 (101 mg, 0.233 mmol) in a mixture of anhydrous EtOH (2 mL) and anhydrous THF (4 mL) at room 
temperature and allowed to stir for 4 h. The reaction mixture was diluted wilh water (5 mL) and extracted with CHC! 3 

30 (3x5 mL). The organic layers were washed with brine (10 mL) and dried over anhydrous MgS0 4 . Filtration and evap- 
oration afforded the crude product, which was stirred for 30 minutes with silica gel (0.25 g) in MeOH (5 mL). Excess 
methanol was removed by rotary evaporation, causing the crude product to be absorbed onto the silica gel. The plug 
of silica gel was added to the top of a silica gel column and the product was purified by flash column chromatography 
etuting with a 60:40 mixture of petroleum ether: EtOAc. Pure fractions were combined and evaporation of the solvent 

35 in vacuo afforded the product (177) as a yellow solid (33 mg, 0.116 mmol, 50 %). 1 H NMR (270 MHz, CDCI3) 5 7.86 
(d, 1H, J* 3.84 Hz, imine CH), 7 50 <s, 1H, ArH), 7.05 (br s, 1H, H3), 6.82 (s, 1H, ArH), 6.58 (dd, 1 H, J= 10.62, 17.22 
Hz, alkene CH), 5.20-5.05 (m : 2H, alkene CH 2 ), 4.39-4.31 (n% 1H, H11a), 3.96 (s ; 3H, OMe), 3.94 (s, 3H, OMe), 
3.39-3.12 (m, 2H. H1); 13 C NMR (67.8 MHz, CDCI3) 5 162.7, 161.5, 151.9, 147.8, 140.4, 129.9, 126.9, 123.9, 118.9, 
114.4, 111.6, 109.8, 77.3, 56.2 ; 53.9, 33.7. 

40 

Example 1(h) : Synthesis of (11aS)-1 > 11a-dihydro>7,8-dimethoxy-2>(4-methoxyphenyl)-5H-pyrrolo[2 > 1-c3[1,4l 
benzodiazepin-5-one (See Figures 6a/b) 

[0174] 

45 
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nl aS>-7, M imethoxy^ 

5,11^ioxo-1H-pyrrolo[2 t 1-c][1 ^benzodiazepine (178) 

». WW. ' ""^ ' 1 '.aS <S»Tb LICl , ' mg. 4 185 r™0 ,* ,«,»».- 

147.3.133.7,126.5,126.1.125.4,121 3.120.2,114.1,111.3.105.8,78.4,67.1,57.5.56.2.56.2.55.3.31.5.18.4, 

(11aS)-1,11a-dihydro-7.8.dime1hoxy.2-(4.met h oxyphenyl)-5H.pyrrolo[2,1-c][1.43 b e n 

l0 176] SoHd sodium tetraborohydride (NaBH, 70 mg. 1 .88 mmol) was added 

Li .. 178 ,100 mg 0.2 ^ in a mixture o, anhydrous ^^^SSS SSUS^ 
a , room temperature .or 9 h. The * J^K c « WW o washed with brine (10 mL) 

qel (2.0 q). The mixture was extracted with EtOAc (3 x 10 mL). 1 he organic .ay*. 

and dricdover anhydrous MgSO,. Filtration and evaporation afforded the '^^^^^^Jt 
Hash column chromatography e.uting with a 60:50 mixture o ^2^^^7^S 38 %). <H NMR 
and evaporation o. !he solvent in vacuo afforded .he product as ■ yellow glass 28 mg 0.08 - . > 

111.6, 109.8.56 2. 56.1,55.6. 35.6. 

5-one (See Figures 6a/b) 
[0177J 



5 



Med' 




pyrrolo(2>c][1 .^benzodiazepine (180) 

r.0178, Phenylboronic acid (334 mg. 2.74 mrnol. 2.54 equiv). N a,CO ? 

Uiphine) palladium(O) ,49.9 mg. » * 
mg. 1 .08 mmol) in e.hanol (21.6 mL) water (21 .6 mL) and the reaction ™'" fe 
for 2 hrs. The reaction mixture was diluted with ethyl acetate (200 mL washed wrth » (2 
mL ). and dried over magnesium sulphate. Fi.Ual.on and evapo« on £ excess solvenl atto dc 
which was subjected to flash column chromatography on silica gel (70 /„ 40-60 petroleum 
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to afford, after removal of excess eluenl. the compound 180 (405 mg, 0.84 mmol. 78% yield). 'H NMR (270 MHz, 
CDCI 3 ) 8 7.5-7.1 (m, 8H). 5.53 (d, 1H. J= 10.08 Hz), 4.67 (d, 1H, J= 10.08 Hz) 4 .65-4 .59 i (m 1H). (mJH) 
3 1 2 (dd 1 H J= 1 10 63. 1 6.1 2 Hz). 0.99-0.93 (m. 2H) 0.00 (s, 9H); ,3 C NMR (67.8 MHz, CDCI 3 ) 8 1 68.3, 1 61 .9, 1 52.1 , 
147.3. 133.9. 132.7, 128.7. 127.6, 125.7, 121.8. 121.1, 111. 3. 105.8, 78.4, 67.2,57.6, 56.2,31.3, 18.4.-1.3 

(1 1 aS)-1 ,1 1 a-dihydro-7 ,8-dimethoxy-2-phenyt-5H-py rrolo[2.1 -c][1 ,4]benzodiazepin-5-one (1 81 ) 

[0179J Solid sodium tetraborohydride (287 mg, 7.6 mmol, 10 equiv.) was added in one portion to a rapidly stirred 
solution of 180 (365 mg, 0.76 mmol) in a mixture of anhydrous EtOH (8 mL) and anhydrous THF (8 mL) a C > C T he 
reaction mixture was allowed to stir at room temperature for 1 hour at room temperature at whtch t.me TLC (5 A meth- 
anol 95% chloroform) revealed the complete consumption of starting material. The reaction m.xture was d.luted w«h 
ethyl acetate (1 00 mL), washed with water (2 x 100 mL), brine (100 mL) and dried over magnesium sulphate. Fittra .on 
and evaporation of excess solvent afforded the crude product as a brown viscous oil. Flash chromatography (sihca 
gel 70% 40-60- petroleum ether, 30% ethyl acetate yield the final product (181) (271 mg, 0.77 mmol, 74%). H I NMR 
?270 MHz. CDCI3) 8 7.89 (d, 1H. J = 4.03 Hz). 7.53 (S, 1H), 7.51 (s. 1H), 7.40-7.20 (m. 5H) 6*3 (s, JH). ^35 
m 1 H). 3.96 (S. 3H). 3.94 (s. 3H), 3.66-3.36 (m, 2H). '*C NMR (67.8 MHz. CDCI3) 8 162.6, 161.5, 51 .9, 147.8, 140 4. 
133 3. 128 8, 127.6, 127.1, 124.9, 123.6, 119.0, 111.6, 109.8. 56.2, 53.9, 35.4. HRMS (FAB) calcd tor C^N^ 
(M*' +1) 335.1398, found 335.1396 

Example 2(a) : Synthesis of the C7-l 0 do-C2-m e thlene PBD Monomer BSP-SJG (64. U P-2023) (see Figure 7) 
[0180] 




(S)-i*(Allyloxycarbonyl)-2-(Jert-butyldimethylsilyloxymethyl)-4-methylidenepyrrolidine(57) 
[0181] Potassium terl-butoxide (41 OmL of a0.5Msolu^ 

of me hyttriphenylphosphonium bromide (7.29 g, 20.4 mmol) in THF (20 mL) at 0»C (tee/acetone) under ni rogen^ After 
stirring for 2 hours at 0«C, a solution of the ketone 16 (example 1(b)) (3.20 g. 10.2 mmol) ,n THF (10 mL was added 
dmpwise and the mixture allowed to warm .0 mom temperature. After stirring for a further » 
mixture was diluted with EtOAc (150 mL) and water (150 mL) and the orgamc layer separated, washed wtth brine, 
S MgTo 4 "Sed and evaporated In vacuo ,0 give a yeHow oil in which crystals fTPO) '^.^^'r 
the freezer. Purification by flash chromatography (5% EtOAc/Petroleum Ether) isolated the pure olefuV 57 » a color- 
less oil (2 76 q 87%) [«F n = -22 2 • (c = 0.25, CHCI3); <H NMR (270 MHz. CDCI 3 ) (Rotamers) 8 6.02-5.87 (m 1H. 
r!rO CH CH CH 5 3 (ddd 1H J= 1 65 3.11, 17^0 HZ, NC0 2 CH 2 CH==CHy. 5.21 (dd. 1H, J= 1.46, 10.40 Hz. 

NCHCH,OTBDMS 3.93-3 .87 (m, 1H, NCHCH 2 OTBDMS), 3.66-3.42 (m. 2H, NCH 2 C=CH 2 ). 2.80-2^56 (m, 2H, 
NCH 2 C=CH 2 CH 2 ). 0 .87 (s, 9H, k(CH 3 ) 3 ), 0 03-0.02 (m, 6H, Si(CH 3 ) 2 ) : "C NMP « (67* MHz CX.3 , (Rotamers) 0 
154 4 (NC=S), 145.1 and 144.1 (NCH 2 C=CH 2 ), 133.1 (NC0 2 CH 2 CH=CH 2 ), 117.5 and ^^^COzCH.C H^CH 2 ) 
07.5 and 106.9 (NCH 2 CCH 2 ), 65.8 and 65.6 (NC0 2 CH 2 CH=CH 2 ), 63.7 and 83 -1 ™J * "f 

58.3 (N CHCH 2 OTBDMS), 51 .1 (NCH 2 C=CH 2 ), 34.9 and 34.2 (NCH^CH.CH,) 25.8 i (S,C ™3>3>. 
-5.5 Si(CH 3 ) 2 ; MS ,C), m/z (relative intensity) 312 (M- + 1. 82), 296 (9), 279 (5). ^^'^^^^ 
100) 168 (8) 122 (14), IR (Neat) 3083 (C=CH 2 ). 2954, 2847, 1709 (NC=0). 1533, 1467. 1404 (S,CH 3 ). 1360. 1310, 
1252 (SiCH 3 ), 1207, 1174, 1103, 1076, 1006, 836, 776, 680 cm-'. 

(2S>2-(ferf-butyldimethylsilyloxymethyl)-4-methylidenepynolidine (58) 

[01821 A cata.y.ic amount o. PdCI 2 (PPh 3 ) 2 (92 mg. 0.131 mmol) was added .0 a solution of the altyl^ cafcamalc ,57 
10g 3 22 mmol) and H 2 Q (0.34 mL. 18.9 mmo.) in CH 2 CI 2 (30 mL). After 5 m.nu.es shmng at room temperature^ 
BuSnH (0 96 mL 1 04 g 3.57 mmol) was added rapidly in one portion. A slightly exo.herm.c react™ With vgorous 
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gas evolution immediately ensued. The mixture was stirred for 16 hours at room temperature under nitrogen at which 
point TLC (50% EtO Ac/Petroleum Ether) revealed the formation of amine. After diluting with CH 2 CI 2 (30 ml), the 
organic solution was dried (MgS0 4 ). filtered and evaporated in vacuo to give an orange oil which was purified by flash 
chromatography (50-1 00% EtOAc/Petroleum Ether) to afford the amine 58 as a slightly orange oil (0.56 g, 77%): (a) 2t D 

5 = -3.9 ° (c= 5.0, CHCI 3 ) ; 'H NMR (270 MHz, CDCI 3 ) 5 4.93 (I, 1H, 2.02 Hz, NCH 2 C=CH 2 ), 4.90 (t, 1H. J= 2.02 
Hz, NCH 2 C=CH>), 3.68-3.46 (m, 4H, NCHCH,OTBDMS and NCH 2 C=CH 2 ), 3.30-3.21 (m, 1H, NCHCH 2 OTBDMS), 
2.53-2.41 (m, 2H : NCHpC=CH 2 CH 2 and NH), 2.26-2.17 (m, 1H, NCH 2 C=CH 2 CH 2 ), 0.90 (s, 9H, SiC(CH 5 ) 3 ) 1 0.06 (s, 
6H, S\(CH£ 2 ); 1 *C NMR (67.8 MHz, CDCI 3 ) 8 150.0 (NCH 2 C=CH 2 ), 104.7 (NCH 2 C^CH 2 ) ; 64,7 (NCHCH 2 OTBDMS) : 
60.5 (NCHCH 2 OTBDMS), 51.3 (NCH 2 C=CH 2 ), 34.9 (NCH 2 C=CH 2 CH 2 ), 25.9 (SiC(CH 3 ) 3 ) : 18.3 (SiC(CH 3 ) 3 ), -5.4 (Si 

to (CH 3 ) 2 ); MS (El), mfr. (relative intensity) 227 (M*\ 8), 212 (6), 170 (M-'Bu, 36), 96 (8). 82 (M-CH 2 OTBDMS ; 100), 75 
(11); IR (Neat) 3550-3100 (br, NH), 3074 (C=CH 2 ), 2929, 2857, 1664 (C^C), 1472, 1424.. 1391, 1380, 1361, 1255, 
1190. 1101. 1006, 939, 880, 838, 777, 723, 668 cm 1 . 

(2S)-W-[5-lodo-2-(2,2,2-trich!oroethyloxycarbonylamino)-benzoy!]-2-(ferf-butyldimethy1silyloxymethyl)- 
'5 4-methylidinepyrrolldine (60) 

[0183] A catalytic amount or DMF (3 drops) was added to a stirred solution ol the Troc protected anlhranilic acid 59 
(0.46 g, 1 .04 mmol) and oxatyt chloride (0.10 mL 0.15 g, 1.15 mmol) in CH 2 CI 2 (30 rnL). After 16 hours at room 
temperature the resulting acid chloride solution was added dropwise over 30 minutes to a stirred mixlure of the amine 

20 58 (0.26 g, 1 .15 mmol) and TEA (0.26 g, 0.36 mL, 2.58 mmol) in CH 2 Ct 2 (1 5 mL) at -20°C (CCI 4 /liq.N 2 ) under a nitrogen 
atmosphere. The reaction mixture was allowed to warm to room temperature and stirred for a further 45 minutes. At 
this point TLC analysis (50% EtOAc/Petroteum Ether) revealed complete reaction. The mixture was washed with sat- 
urated NaHC0 3 (30 mL), saturated NH 4 CI (30 mL), H 2 0 (25 mL). brine (30 mL), dried (MgS0 4 ), filtered and evaporated 
in vacuo to give the amide 60 as a dark oil (0.65 g, 96%): *H NMR (270 MHz : CDCI 3 ) (Rotamers) 6 8.92 (br s, 1H), 

25 8.05-7.88 (m ; 1H), 7.74-7.64 (m, 1H), 7.56-7.46 (m, 1H), 5.08-4.95 (m, 2H). 4.84 (d. 1H, J= 11.91 Hz), 4.75 (d, 1 H, J 
- 11.91 Hz) ; 4.74-4.65 (m, 1H), 4.21-3.68 (m, 4H), 2.96-2.65 (m, 2H), 0.95-0.87 (m, 9H), 0.1-0.03 (m, 6H). 

(2S)-rU(2-Amino-5-jodoben2oyI)-2-(hydroxymethyl)-4-methylidenepyrrondine (61) 

30 [01 84) A solution of TBAF (1 .24 mL of a 1 M solution in THF, 1 .24 mmol) was added to the silyl-ether 60 (0.64 g, 0.99 
mmol) in THF (15 mL) at 0°C (ice/acetone). The reaction mixture was allowed to warm lo room temperature and after 
45 minutes TLC (50% EtOAc/Pet- Ether 40 °- 60 °) revealed the complete disappearance of starling material. Saturated 
NH 4 CI (75 mL) was added and the reaction mixture extracted wiLh EtOAc (3 X 30 mL), washed with brine (30 mL). 
dried (MgS0 4 ), filtered and evaporated in vacuo to give an orange oil. Purification by flash chromatography (50% 

35 EtOAc/Pet-Ether 40 °- 60 °) provided the pure amino-alcohol 61 as a viscous oil (0.18 g, 51%); 1 H NMR (270 MHz, 
CDCI 3 ) 0 7.72-7.61 (m, 1H), 7.55-7.40 (m, 1H), 6.51-6.49 (m, 1H), 5.02-4.94 (m, 2H), 4.80-3.80 (m, 8H) ; 2.81-2.79 (m, 
1 H), 2.43-2.40 (m, 1H); MS (El), nVz (relative intensity) 359 (W 1,5). 358 (M 1 *, 33), 328 (3), 327 (10), 254 (3), 247 
(11), 246 (100), 218 (18), 164 (2), 127 (4). 120 (4), 119 (10), 113 (9), 112 (91), 94 (2), 91 (20), 90 (5). 82 (10), 67 (2), 
64 (3), 63 (3) : 52 (3). 

40 

(2S)-W-[5-lodo-2-(2,2 t 2-trichloroethyloxycarbonylamino)-benzoyl]-2-(hydroxymethyl)-4-methylidinepyrrolidine 
(62). 

[0185] A solution of the amine 61 (179 mg, 0.50 mmol) in CH 2 CI 2 (15 mL) was cooled to 0°C (ice/acetone) and 
*s treated with pyridine (81 u.L, 79 mg, TO mmol). A solution of 2,2,2-trichloroethylchloroformate (76 \±, 117 mg, 0.55 
mmol) in CH 2 Cl 2 (5 mL) was then added dropwise to the stirred mixlure. 

[0186] The reaction mixture was allowed lo warm to room temperature and stirred for a further 2 h. at which point 
TLC (EtOAc) revealed complete consumption of amine 61. The reaction mixture was washed with saturated CuS0 4 
(25 mL), H 2 0 (25 mL), brine (25 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. The crude residue was purified 

so by flash chromatography (50% EtOAc/Petroleum Ether) to afford the pure troc-amino compound 62 as an oil (1 89 mg, 
71%): 1H NMR (270 MHz, CDCy 5 8.90 (br s, 1H), 7.75-7.66 (m, 3H), 5.02-4.92 (m : 3H), 4.87 (d, 1H, J= 12.09 Hz), 
4.72 (d, 1H, J= 12.09H2), 41 5-4.08 (m,2H), 3.90-3.85 (m, 2H), 3.65-3.63 (m, 1H). 2.80-2.71 (m, 1H) : 2.50 (d, 1H, J 
=* 14.83HZ); 13 C NMR (67.8 MHz, CDCI 3 ) 5 167.7, 151.9,142.7, 139.6, 135.6, 134.8, 127.7. 123.4. 108.4,95.1, 86.6, 
74.3, 63.9, 59.0, 53.5, 33.7; MS (El), m/z (relative intensity) 536 (5), 535 (3), 534 (15), 533 (M*\ 3), 532 (15), 503 (2), 

55 501 (2), 422 (4), 420 (5), 385 (8). 384 (8), 366 (3), 353 (11), 290 (9), 273 (8). 272 (76), 246 (6), 245 (18), 218 (4), 217 
(5), 216(8), 146(4), 145(10), 133 (4), 131 (4), 119(6), 117(7), 115(11), 113(17).. 112 (39). 97 (4), 96 (3), 95 (12), 90 
(5), 84 (5), 83 (7), 82 (100). 79 (7), 77 (21), 67 (2). 63 (4), 61 (3), 51 (6); exact mass calcd for C 16 H 16 N 2 0 4 CI 3 l m/e 
531 .9221 . obsd m/e 531 .91 55. 
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(1 1 S,1 1aS)-t 1-Hydroxy-7-iodo-2^ 
bexahydro-5W-pyrrolo[2,1-c] [1,4]benzodiazepin-5-one (63) 

[01 87] A solution of the alcohol 62 ( 1 89 mg, 0.35 mmol) in CH 0 CMCH 3 CN (1 2 mL, 3:1 ) was treated with 4 A powdered 
molecular sieves (100 mg) and NMO (62 mg, 0.53 mmol). After 15 minutes stirring at room temperature, TPAP (6.2 
mg, 1 7.7 u.mol) was added and stirring continued for a further 1 hour at which point TLC (50% EtOAc/Petroieum Ether) 
showed product formation along with some unoxidised starting material. The mixture was then treated with a further 
quantity of NMO (62 mg, 0.53 mmol) and TPAP (6.2 mg, 17 7 umol) and allowed to stir for a further 30 minutes after 
which time TLC revealed complete reaction. The mixture was evaporated in vacuo onto silica and subjected to flash 
chromatography (40% EtOAc/Petroleum Ether) to provide the protected carbinolamine 63 as a white glass (93 mg 
49%): 'H NMR (270 MHz. CDCI 3 ) 5 8.09 (d ; 1H J= 2.01 Hz), 7.80 (dd, 1H, J= 8.43, 2.20 Hz), 7.10 (d. 1H, J= 8.43 
Hz).. 5.60 (d ; 1H ; J= 9.71 Hz), 5.20-5.04 (m, 3H) t 4.79-4.50 (m, 1H), 4.32-4.08 (m, 3H), 3.63 (t. 1H J = 8 79 Hz) 
2.99-2.89 (m, 1H) : 272 (d r 1H, J= 15.94 Hz); ™C NMR (67.8 MHz, CDCl 3 ) 6 165.0, 154.1. 141.0, 140.2. 137.7 134 5* 
133.6 : 132.0, 110.4, 94.7, 93.4, 857, 75.0, 59.4, 50.7, 35.0; MS (El), m/z (relative intensity) 533 (6). 532 (22) 531 
(M+-, 8), 530 (17), 529 (10) f 449 (5), 383 (6) ? 354 (7), 353 (5), 338 (6), 325 (5), 290 (5), 274 (15), 273 (8). 272 (43) 
254 (5), 245 (8), 218 (5), 21 6 (12), 147 (5), 146 (6), 145 (9), 133 (10), 131 (9). 128 (5), 127 (15), 119 (11), 117 (5) 97 
(6), 95 (9) : 92 (6), 91 (6), 90 (6), 83 (11), 82 (100). 81 (7), 80 (8), 75 (5), 63 (7), 53 (5): exact mass calcd for 
C 1B H 14 N 2 0 4 ICI 3 m/e 531.9037, obsd m/e 531. 8988. 

<11aS)-7-lodo-2-methylidene-1 ^^^la-tetrahydro-SH-pyrrotot^l-cjn^lbenzodiazepin-S-one (64, UP2023, 
BSD-SJG). 

[0188] 10% cadmium lead couple (109 mg ; 0.875 mmol) was added to a stirred solution of the Troc-protected car- 
binolamine 63 (93 mg, 0.175 mmol) in THF (1 mL) and aqueous IN ammonium acetate (1 mL). After 45 minutes at 
room temperature TLC revealed complete reaction (70% EtOAc/Petroleum Ether). The mixture was diluted with EtOAc 
(30 mL). dried (MgS0 4 ), filtered and evaporated in vacuo. The crude residue was purified by flash chromatography 
(70% EtOAc/Petroleum Ether) to provide the novel PBD (64, BSD-SJG, UP2023) as a white solid (27 mg, 46%): mp 
°C; 1H NMR (270 MHz, CDCL, + CD 3 0D) (11S,11aS isomer) 5 8.10 (d, 1H, J- 1.46 Hz), 7.65 (d, 1H, J= 8.79 Hz). 
6.86 (d, 1H, J = S 06 Hz). 5.14-5.10 (m t 2H), 4.66 (d, 1H, J = 5.13 Hz), 4.34 (d, 1H, J- 16.12 Hz). 4.23 (d, 1H, J = 
16.12 Hz), 3.80-3 71 (m. 1 H). 3.34 (s, 3H), 3.03-2.86 (m, 1 H), 2.65 (d, 1H, J= 16.02 Hz); MS (EI), m/z (relative intensity) 
(N10-C11 imine form) 339 (M + - + 1 20). 338 (M 4 \ 100), 337 (17). 323 (5). 311 (4). 310 (5). 257 (5), 230 (4} ? 229 (13), 
211 (4), 203 (4), 202 (8), 184 (8), 183 (4), 103 (5). 82 (17), 81 (4), 80 (5), 76 (6), 75 (16), 74 (5), 55 (4), 53 (4); IR 
(NUJCL® )3295 (br), 2923, 2853, 1716, 1615, 1506, 1457, 1377, 1317, 1278. 1238, 1169, 1118, 1063, 999, 895, 818, 
751, 718 cm " 1 : exact mass calcd for C^H^O! m/e 337.991 6, obsd m/e 337.9870. 

Example 2( b) : Synthesis of the C8-Benzvl-C7-Methoxy-C2-methlene PBD Monomer SJG-244 (70) (see Figure 8) 
[0189] 




(2S)-W-{4-Benzyloxy-5-methoxy-2nitrobenzoyf)-2-(ferf-butyldimethylsiryloxymethyf)- 
4-methylidenepyrrolidine (65) 

[0190] A catalytic amount of DMF (2 drops) was added to a stirred solution of the nitro-acid 1 (0.645 g, 2.13 mmol) 
and oxalyl chloride (0 23 mL, 0,33 g, 2.60 mmol) in CH 2 C! 2 (40 mL). After 1 5 hours at room temperature the resulting 
acid chloride solution was added dropwise to a stirred mixture of the amine 58 (0.522 g : 2.30 mmol) and TEA (0.58 g, 
0.80 mL, 5.73 mmol) in CH 2 CI 2 (5 mL) at 0°C (ice/acetone) under a nitrogen atmosphere. The reaction mixture was 
allowed to warm to room temperature and stirred for a further 2.5 h. The mixture was diluted with CH 2 CI 2 (50 mL), 
washed with saturated NaHC0 3 (50 mL), saturated NH 4 CI (50 mL), H 2 0 (50 mL), brine (50 mL), dried (MgS0 4 ). filtered 
and evaporated in vacuo to give the crude product as a dark orange oil. Purification by flash chromatography (20% 
EtOAc/Petroleum Ether) isolated the pure amide 65 as a sticky orange oil (0.86 g, 79%): (a] 22 D = -47.2 ° (c - 2.79. 
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CHCI 3 ); *H NMR (270 MHz, CDCI 3 ) (Rotamers) 5 7.78 and 7.77 (s x 2. 1 H arom ), 7.48-7,35 (m, 5H arom ), 6.82 and 6.78 
(s x 2. 1H orom ), 5.23 and 5.21 (S x 2, 2H, PhCHp), 5.09^.83 (m. 2H, NCH^CH^), 4.59-4.49 (m. 1H, 
NCHCH 2 OTBDMS), 4.03-3.08 (m, 7H, NCHCHoOTBDMS : NCHfi=CH 2 and OCH 3 ), 2.80-2.56 (m t 2H, 
NCH 2 C-CH 2 CHo). 0.89 and 0.79 (s x 2, 9H, SiCfCH^), 0.122, -0.11 and -0.14 (s x 3, 6H. Si(CH 3 ) 2 ); 13 C NMR (67.8 

5 MHz, CDCy (Rotamers) 6* 166.2 (NC=0), 154.8 and 154.6 (C^), 148.2 and 148.0 (C quat ), 144.1 and 143.2 (C qual ), 
137.1 (C quat ). 135.3 (C qual ). 128.8 and 128.5 (BnC-H aro J : 128.2 (C qual ), 127.6 (BnC-H^). 110.1 and 109.2 [O 
Haron,). 1090 and 108.5 (OH arom ), 107.5 (NCH 2 C=CH 2 ), 71.3 (PhCH 2 0), 63.7 (NCHCH 2 OTBDMS), 60.2 
(NCHCH 2 OTBDMS), 58.1 and 56.6 (OCH 3 ), 52.8 and 50.5 (NCH 2 OCH 2 ), 34.9 and 33.9 (NCH 2 C=:CH 2 CH 2 ) : 25.8 and 
25.7 (SiC(CH 3 ) 3 ), 18.2 (SiC(CH 3 ) 3 ), -5.4 and -5.6 (Si(CH 3 ) 2 ); MS (El), m/z (relative intensity) 512 {W\ 3), 497 (M-CH 3 , 

10 4), 455 (M-'Bu, 100), 380 (2), 364 (5), 286 (M-NCH 2 C=CH 2 CH 2 CHCH 2 OTBDMS, 40), 279 (9), 226 
(NCH 2 C=CH 2 CH 2 CHCH 2 OTBDMS, 5), 168 (1 0), 1 49 (27), 91 (PhCH 2: 62), 73 (8), 57 (9); IR (NEAT) 3066, 3034, 2953, 
2856, 2245, 1644 (NC=0), 1578, 1520, 1454, 1426, 1379, 1335, 1276, 1220 : 1186, 1106, 1059, 1016, 910. 836,815, 
779, 734,697, 655, 614 cm' 1 . 

15 (2S)-A^(4-Benzyloxy-5-methoxy-2-nitrobe^ (66) 

[01 91] A solution of TBAF (2.1 0 mL of a 1 M solution in THF, 2.1 0 mmol) was added to the silyl-ether 65 (0.86 g, 1 .68 
mmol) in THF (20 mL) at 0*C (ice/acetone). The reaction mixture was allowed lo warm to room temperature following 
a colour change (yeltow^dark red). After a further 40 minutes TLC (50% EtOAc/Pet-Ether 40°- 60°) revealed the 

zo complete disappearance of starling material. Saturated NH 4 Cl (1 00 mL) was added and the reaction mixture extracted 
with EtOAc (3 X 40 mL), washed with brine (30 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to give a dark 
orange oil which was purified by flash chromatography (60% EtOAcV Petroleum Ether) to provide the pure alcohol 66 
as a white solid (0.64 g, 96%): [a] 19 D = -22.9 0 (c= 0.20, MeOH); 'H NMR {270 MHz, CDCI 3 ) (Rotamers) 8 7.78 and 
7.76 (s x 2, 1H arom ), 7.49-7.33 (m, 5H arom ), 6.91 and 6.82 (s x 2 : 1H arom ), 5.22 (s, 2H, PhCH/)), 5.10 (m, 1H, OH), 
5.03-5.01 (m, 1H, NCH 2 0-CH 2 ). 4.90-4.85 (m ; 1H. NCH 2 C=CH 2 ), 4.65-4.55 (m, 1H : NCHCH 2 OH), 3.99 and 3.95 (s 
x 2, 3H, OCH 3 ) s 3.90-3.72 (m, 4H, NCHCH^OH and NCttjc-CH 2 ), 2.90-2.87 (m,1H ( NCH 2 C-CH 2 CH 2 ), 2.53-2.47 (m, 
1H : NCH 2 C=CH 2 CH 2 ); 13 C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 6 177.4 (NC=0). 155.1 (y, 148.3 (C quut ), 142.6 
(CquH.). 1 37.0 {C^J, 135.2 (C qjat ), 128.9, 128.6 and 127.6 (BnC-H arom ), 109.1 (C-H aiom ), 108.5 (C-H aiom ), 108.3 
(NCH 2 C^CH 2 ), 71 .4 (PhCH 2 0), 65.2 and 63.7 (NCHCH 2 OH), 60.4 (NCHCH 2 OH), 56.8 and 56.7 (OCH 3 ), 53.0 and 

30 50.1 (NCH 2 C-CH 2 ), 35.1 and 34.4 (NCH^Ch^Oi,); MS (El), m/z (relative intensity) 398 (M 4 *, 2), 380 (3). 368 (4). 
354 (1). 286 (M-NCH 2 C=CH 2 CH 2 CHCH 2 OH. 54), 270 (2), 256 (1). 164 (2), 136 (4). 135 (3), 121 (4) : 112 
(NCH 2 C-CH 2 CH 2 CHCH 2 OH, 3). 91 (PhCH 2 , 100) r 82 (3), 69 (4), 65 (6); IR (NUJOL® ) 3600-3200 (br, OH), 2923, 
2853, 1718, 1663, 1611 (NC=0), 1577, 1517, 1460, 1376, t332 r 1275, 1224, 1176, 1052, 990, 925, 886, 862, 796, 
759, 723, 702 615 cm' 1 ; exact mass calcd for C^H^Og m/e 398.1478, obsd m/e 398.1490. 

35 

(2S)-N-(2-Amino-4-benzylo)cy-5-meth^ (67) 

[01 92] The nitro-alcohol 66 (0.637 g, 1 .60 mmol), SnCI 2 2H20 (1 .81 g, 8.0 mmol) and methanol (36 mL) were heated 
at reflux and monitored by TLC (90% CHCiyMeOH). After 1 hour the MeOH was evaporated in vacuo and the resulting 

-to residue cooled (ice), and treated carefully with saturated NaHC0 3 (120 mL). The mixture was diluted with EtOAc (120 
mL), and after 1 6 hours stirring at room temperature the inorganic precipitate was removed by filtration through celite. 
The organic layer was separated, washed with brine (100 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to give 
an orange glass. Flash chromatography (EtOAc) afforded the pure amine 67 as a pale yellow glass (0.37 g : 63%): 
lap D = -42.7 • (c = 3.7, CBCI 3 ); 1 H NMR (270 MHz : CDCy b 7.44-7.29 (m, 5H Qfom ), 6.77 (s, 1H arom ), 6.27 (S, 1 H arem ), 

45 5.12 (S, 2H, PhCtfsO), 5.06-5.00 (m, 1H, NCH 2 OCH 2 ). 4.99-4.92 (m, 1H, NCH^CHg), 4.63-4.53 (m, 1H, 
NCHCH 2 OH), 4.25-3.60 (m, 10H, NCHCH 2 OH, NCH^OCH;,, OCH 3 , OH and NH 2 ), 2.77 (dd, 1H, J- 8.52. 15.85 Hz, 
NCH 2 C=CH 2 CH 2 ), 2.43-2.39 (m, 1 H, NCH 2 C=CH 2 C«2) ; 13 C NMR (67.8 MHz, CDCI 3 ) 5 1 71 .4 (Nf>0), 1 51 .0 (C qual ), 
"3-3 (C quat ), 141.5 (C^). 140.6 <C quol ), 136.5 (C^). 128.6 and 128.0 (BnC-H arom ), 127.8 (C qual ), 127.1 (BnO 
H arom ), 112.5 (C-H arom ), 107.8 (NCH 2 C=CH 2 ), 103.0 (C-H arom ), 70.6 (PhCH 2 0), 65.9 (NCHCH 2 OH), 60.0 

so (NCHCH 2 OH) : 57.1 (OCH 3 ), 53.3 (NCH 2 C=CH 2 ), 34.4 (NCH 2 C=CH 2 CH 2 ); MS (El), m/z (relative intensity) 368 (M 4 *, 
1 00), 353 (M-CH 3 , 2), 340 (1 ), 286 (2), 273 (4), 256 (M NCH^CH^^CHCHjOH, 59), 249 (8), 226 (4), 200 (2), 1 96 
(2), 166 (5). 138 (1 7), 112 <NCH 2 C~CH 2 CH 2 CHCH 2 OH. 39), 91 (PhCH 2 , 70), 82 (5), 65 (5); IR (NEAT) 3600-3000 (br, 
NH 2 and OH), 3065, 3052, 2932, 2869, 2246, 1668, 1620, 1592, 1513, 1454, 1408, 1264, 1229, 1197, 1176, 1113, 
1079, 1002, 909, 733, 698, 645 cm' 1 ; exact mass calcd for C 21 H 24 N 2 0 4 m/e 368.1736, obsd m/e 368.1662. 

55 
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(2S)-A^[(2-Allyloxycarbonylamino)-4-benzyloxy-5-methoxybenzoyl]-2-(hydroxymethyl)- 
4-methylidenepyrroHdine (68) 

[0193] A solution of the amino-alcohol 67 (0.33 g, 0.90 mmol) in CH 2 CI 2 (20 mL) was cooled to 0°C (ice/acetone) 

5 and treated with pyridine (0.14 mL, 0.14 g, 1 .77 mmol). A solution of ally! chtoroformate (87 uX, 99 mg } 0.82 mmol) in 
CH 2 CI 2 (7 mL) was then added dropwise to the stirred mixture. The reaction mixture was allowed to warm to room 
temperature and stirred for a further 2.5 h, at which point TLC (ElOAc) revealed complete consumption of amine 67. 
The reaction mixture was diluted with CH 2 CI 2 (30 mL) and washed with saturated CuS0 4 (40 mL), H 2 0 {40 mL), brine 
(40 mL). dried (MgS0 4 ), filtered and evaporated in vacuo. The crude residue was purified by Hash chromatography 

io (80% EtOAc/Petroleum Ether) to afford the pure alloc-amino compound 68 as a white solid (0.34 g, 84%): [ot] 22 D = - 
22.4 • (c « 3.4, CHCt 3 ) ; 1 H NMR (270 MHz, CDCI 3 ) 5 8.52 (br s, 1H : NH)> 7.82 (br s, 1H aro J, 7.49-7.29 (m, 5H srom ), 
6.84 (s, 1H af0m ), 6.02-5 88 (m, 1H, NC0 2 CH 2 CH=:CH 2 ), 5.39-5.22 (ra 2H, NC0 2 CH 2 CH=Ctf 2 ) : 5.17 (s, 2H, PhCW 2 0), 
5.01 (br s, 1H, NCH 2 C=CH 2 ), 4.94 (br s, 1H, NC^C-C/^), 4.64-4.59 (n% 3H ? NCHCH 2 OH and NC0 2 C^CH=CH 2 ), 
4.21-3.60 (m, 8K NCHCH 2 OH, NCH 2 OCH 2 , OCH 3 and OH) f 2.77 {dd, 1H, J= 8.61, 15.94 Hz, NCH 2 C=CH 2 CH 2 ), 

15 2.46 (d : 1 H, J- 1 5.94 Hz, NCH 2 C=CH 2 CH 2 ); 13 C NMR (67.8 MHz, CDCI 3 ) 6 1 71 .4 (NOO amjde ), 1 53.7 (^OQ^ amiAe ), 
150.3 (C quat ), 144.5 <C quat ), 143.0 (C qU8t ), 136.2 (C qual ), 132.4 (NC0 2 CH 2 CH=CH 2 ), 131.3 (C quat ), 128.6, 128.1. and 
127.7 (BnC-H arom ), 118.1 (NC0 2 CH 2 CH=CH 2 ), 111.1 (C-H arom ) 5 108.1 (NCH 2 G=CH 2 ), 106.5 (C-H aro J, 70.7 
(PhCHoO), 65.8 (NC0 2 CH 2 CH=CH 2 ), 65.5 (NCHCH 2 OH), 59.9 (NCHCH 2 OH), 56.7 (OCH 3 ), 54.0 (NCH 2 C=CH 2 ), 34.1 
(NCH 2 C-CH 2 CH 2 ); MS (El), m/z (relative intensity) 452 (M f , 38) r 3i*3 (M-OC 3 H 5 , 4), 394 (10), 340 

20 (M-NCH 2 C- CH 2 CH 2 CHCH 2 OH 20), 298 (7), 282 (22), 255 (8) r 206 (2) r 192 [2), 163 (3), 136 (3), 114 (6), 112 
(NCH 2 C=CH 2 CH 2 CHCH 2 OH ! 12), 91 (PhCH 2 , 100), 82 (10), 65(4), 57 (OC 3 H 5 , 7); IR (NUJOL© ) 3600-2000 (br, OH), 
3335, 3242, 2922, 2854, 1724, 1614, 1537, 1463, 1407, 1378, 1349, 1280, 1214, 1178, 1117, 1054. 1028, 995, 947, 
908. 892, 853, 821, 768, 735, 697, 629 f 601 , 514 crrr 1 ; exact mass calcd for C 25 H 28 N 2 0 5 m/e 452.1947, obsd m/e 
452.1923. 

PS 

(1 1 S.1 1 aS)-1 0-AIIyloxycarbonyl-8-benzyloxy-1 1 -hydroxy-7-methoxy-2-methy lidene-1 ,2,3,10,1 1 ,1 1a- 
hexahydro-5W-pyrrolo[2,1-cJ[1 ,4)benzodiazepin-5-one (69) 

[0194] A solution of DMSO (0 18 mL. 0.20 g, 2.56 mmol) in CH 2 CI 2 (4 mL) was added dropwise over 30 minutes to 
30 a solution ol oxalyl chloride (0.63 mL of a 2.0 M solution in CH 2 CI 2 . 1.26 mmol) at -45°C (dry ce/CH 3 CN) under a 
nitrogen atmosphere. After stirring at -45°C for 30 minutes, a solution of the alcohol 68 (0.42 g, 0.93 mmol) dissolved 
in CH 2 CI 2 (8 mL) was added dropwise over 35 minutes at -45°C. After 45 minutes at -45°C, the mixture was treated 
dropwise with TEA (0.50 mL, 0.36 g, 3.56 mmol) in CH 2 C! 2 (4 mL) over 30 minutes at -45°C. After 35 minutes, the 
reaction mixture was allowed to warm to room temperature and was diluted with CH 2 CI 2 (30 mL), washed with IN HCI 
35 (20 mL) : H 2 0 (20 mL), brine (30 mL), dried (MgS0 4 ) : filtered and evaporated in vacuo. TLC (80% EtOAc/Petroleum 
Ether) of the crude material revealed sufficient product formation and a trace of unoxidised starting material. Purification 
by flash chromatography (50% EtOAc/Petroleum Ether) furnished the protected carbinolamine €9 as white glass (0.172 
g : 41%). T H NMR (270 MHz, CDCy 6 7.48-7 27 (m, 5H aro J, 7.25 (s, IH^J, 6.74 (br s, 1H arom ), 5.65-5.53 (m, 1H, 
NC0 2 CH 2 CH,CH 2 ), 5.56 (d, 1H, J= 9.89 Hz, NCHCHOH), 5.22-5.04 (m, 6H, NCH 2 C=CHp, NC0 2 CH 2 CH=CH 2 and 
40 PhCHp), 4.64-4.42 (m, 3H, NC0 2 CH 2 CH=CH 2 and OH), 4.28 (d, 1H, J= 15.94 Hz, NCH^CH;,), 4.09 (d, 1H, J = 
15.94 Hz, NCH 2 C-CH 2 ), 3.92 (s. 3H, 0CH 3 ), 3.62 (t, 1H, J= 8.79Hz. NCHCHOH), 2.90 (dd, 1H, J= 8.97, 16.03 Hz, 
NCH 2 C-CH 2 CH 2 ), 2.67 (d, 1H ( J= 16.03 Hz, NCH 2 C=CH 2 CH 2 ); 13 C NMR (67.8 MHz, CDCI 3 ) 5 166.8 (NC-O amide ), 

156.0 (NCO^^J, 150.1 (C^), 149.0 (C quat ), 141.8 (C^,). 136.1 (C quat ), 131.8 (NC0 2 CH 2 CH^CH 2 ), 128.6, 

128.1 and 127.3 (BnC-H^J, 125.6 (C quat ), 118.0 (NC0 2 CH 2 CH=CH 2 ), 114.6 (C-H aroni ), 110.6 (OH arom ), 109.8 
45 (NCH 2 C=CH 2 ) : 85.8 (NCHCHOH), 71.0 (PhCH 2 0) ; 66.7 (NC0 2 CH 2 CH=CH 2 ).. 59 8 (NCHCHOH), 56.2 (OCH 3 ), 50.7 

(NCH 2 C=CH 2 ), 35.0 (NCH 2 C=CH 2 CH 2 ); MS (El), m/z (relative intensity) 450 (M-\ 24), 422 (1), 392 (1), 364 (1), 34B 
(3), 340 (12), 298 (6), 282 (8), 257 (2). 229 (2), 192 (3), 178 (2), 164 (4), 136 (3). 110 (3), 91 (PhCH 2 , 100), 82 (17), 
65 (7); IR (NUJOL® ) 3600-2500 (br, OH), 2923, 2854 : 1711. 1619, 1601. 1513 f 1463, 1405, 1377, 1300, 1278, 1202, 
111 9 ; 1045. 993, 956, 909, 790, 768, 724, 697, 637 cm 1 ; exact mass calcd for C 25 H 26 N 2 0 6 m/e 450.1791 , obsd m/e 
50 450.1790. 

Alternative synthesis (1 1 S,1 1 aS)-1 0-Ally loxycarbonyl-8-benzyloxy-11 -hydroxy-7-rnethoxy-2-methy1idene- 
1, 2,3,10,1 1,11a-hexahydro-5W-pyrroto[2,1-c][1,4]benzodiazepin-5-one (69) 

55 [01 95] A solution of the alcohol 68 (0.32 g, 0.71 mmol) in CHgCI^CHgCN (30 mL, 3: 1 ) was treated with 4 A powdered 
molecular sieves (0.2 g) and NMO (126 mg, 1 08 mmol). After 15 minutes stirring at room temperature, TPAP (12.6 
mg. 35.9 pmol) was added and stirring continued for a further 1 hour 20 minutes at which point TLC (80% EtOAc/ 
Petroleum Ether) revealed product formation along with some unoxidised starting material. The mixture was then treat- 
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ed with a further quantity of NMO (1 26 mg, 1 .08 mmol) and TPAP (12.6 mg, 35.9 jt mol), and allowed to stir lor a further 
0.5 hours after which time TIC revealed reaction completion. The mixture was evaporated in vacuo onto silica and 
subjected to flash chromatography (50% EtOAc/Petroleum Ether) to provide the protected carbinolamine 69 as a white 
glass (153 mg, 48%); [ap D = +129.8 ° (c= 1.5. CHC» 3 ); 1 H NMR (270 MHz. CDCI 3 ) 5 7.48-7.27 (m, 5H aro J, 7.25 (s, 

5 lH arom ), 6.74 (br s, 1H aro J, 5.65-5.53 (m. 1H, NC0 2 CH 2 Ctf=CH 2 ) ; 5.56 (d, 1H, J= 9.89 Hz ; NCHC/-OH), 5.22-5.04 
(m, 6H, NCH 2 C=CH 2 , NC0 2 CH 2 CH=CH 2 and PhCK>0) r 4.64-4.42 (m, 3H, NC0 2 CH 2 CH^CH 2 and OH), 4.28 (d t 1H, 
J= 15.94 Hz, NCHjC^C^), 4.09 (d, 1H, J = 15.94 Hz, NCH^CHg), 3.92 (s, 3H, OCH 3 ), 3.62 (t, 1H, J= 8.79 Hz, 
NCHCHOH), 2.90 (dd, 1KJ^ 8.97, 16.03 Hz, NCH 2 C=CH 2 CH 2 ), 2.67 (d, 1H, J - 16.03 Hz, NCH 2 Cr=CH 2 CH^; l3 C 
NMR(67.8MHz, CDCI 3 )5 166.8 (NC-O amjde ), 156.0 (N OO^^), 150.1 (C qual ). 149.0 (C quat ). 141.8 (C quat ), 136.1 

10 ( c qua). 131.8 (NC0 2 CH 2 CH=CH 2 ), 128.6, 128.1 and 127.3 (BnC-H orom ), 125.6 (C^,), 118.0 (NC0 2 CH 2 CH-CH 2 ), 
1 14.6 (C-H arorT ,), 1 1 0.6 (C-H^J, 1 09.8 (NCH 2 C=CH 2 ), 85.8 (NCHCHOH), 71 .0 (PhCH 2 0), 66.7 (NC0 2 CH 2 CH=CH 2 ), 
59.8 (NCHCHOH), 56.2 (OCH 3 ), 50.7 (NCH 2 C=CH 2 ) : 35.0 (NCH 2 C==CH 2 CH 2 ); MS (El), m/z (relative intensity) 450 
(M + \ 24), 422 (1), 392 (1) : 364 (1), 348 (3) 5 340 (12), 29B (6), 282 (8), 257 (2), 229 (2), 192 (3), 178 (2), 164 (4), 136 
(3), 110 (3), 91 (PhCH 2l 100), 82 (17), 65 (7); IR (NUJOL© ) 3600-2500 (br, OH), 2923.. 2854, 1711 , 1619, 1601 , 1513, 

1S 1463, 1405, 1377, 1300, 1278, 1202, 1119, 1045,993, 956,909, 790, 768, 724, 697, 637 cm' 1 ; exact mass calcd lor 
C 25 H 26 N 2°6 m/G 450 1 791 . obsd ™te 450. 1 790. 

(11aS)-8-Benzy1oxy-7-niethoxy-2-methyrrdene-1,2 t 3,11a-tetrahydro-5H-pyrrolo[2,1-cl[1 ,4]benzod1azepln- 
5-one (70, SJG-244) 

20 

[0196] A catalylic amount of tetrakis(triphenylphosphine)palladium (12.0 mg, 1 0.4 jimol) was added to a stirred so- 
lution of the Alloc-protected carbinolamine 69 (0.18 g, 0.40 mmol), triphenylphosphine (5.25 mg, 20 umol) and pyrro- 
lidine (29 mg, 0.41 mmol) in CH 2 CI 2 (15 mL). After 2 hours stirring at room temperature under a nitrogen atmosphere, 
TLC (98% CHCI 3 /McOH) revealed the complete consumption of starting material. The solvent was evaporated in vacuo 

25 and the crude residue was purified by flash chromatography (60% ElOAc/Pclroleum Ether) to afford 70 (SJG-244) as 
a white glass (1 1 6 mg, 83%) which was repeatedly evaporated in vacuo with CHCI 3 in an attempt to provide the N1 0-C11 
imine form: [cxp D = +754.2 ° (c= 0.54, CHCI 3 ); 1 H NMR (270 MHz, CDCI 3 ) (mainly imine, plus trace of carbinolamine 
form) 5 7.70-7.30 (m, 7H, HC^N and 6H aron> ), 6.84 (s, IH^J, 5.25-5.13 (m, 4H, NCH 2 C^CH 2 and PhCH 2 0), 4.42 
(br s. 2H, NCH 2 C=CH 2 ), 3.95 (s, 3H, OCH 3 ), 3.88-3.66 (m, 1H, NCHHC=N), 3.09 (dd, 1H, J= 8.98, 16.12 Hz, 

30 NCH 2 C-CH 2 CH 2 ), 2.94-2.87 (m, 1 H. NCH 2 C=CH 2 C^)'. 13 C NMR (67.8 MHz, CDCt 3 ) 6 1 64.7 (NC=0), 1 62.6 (HD=N), 
150.6 (C qual ), 148.1 (C qual ) ; 141.6 (C quat ), 140.5 (C quat ), 136.1 (C quat ) : 132.0, 128.7, 128.6, 128.1 and 127.3 (BnC- 
H arom ), 120.1 (C quat ). 111 5(C-H arom ), 111 .2 (OH arom ), 109.4 (NCH 2 C=CH 2 ). 70.8 (PhCH 2 0). 56.2 (OCH 3 ), 53.7 (NCH- 
HC=N), 51 .3 (NCH 2 C=CH 2 ), 35.4 (NCH 2 C-CH 2 CH 2 ); MS (El), m/z (relative intensity) (imine form) 348 (M 4 ", 1 00), 333 
(M-CH 3 , 42), 319 (3), 269 (5), 257 (M-PhCH 2 . 25), 241 (11), 229 (56), 227 (11), 213 (5), 186 (4), 156 (6), 136 (22) ; 122 

35 (4), 91 (PhCH 2 , 85), 82 (5), 65 (22); IR (NUJOL® ) 331 8 (br, OH of carbinolamine form), 2923, 2853, 1722, 1668 : 1600, 
1557 ; 1504, 1462, 1377, 1261, 1216, 1120, 1003, 892, 789, 722,695, 623, 542 cm" * ; exact mass calcd for C 21 H 20 N 2 O 3 
m/e 348.1474, obsd m/e 348.1469. 

Example 2(c) : Synthesis of MMY-SJG (74, UP2064) (see Figure 9) 

40 

[0197] 
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(2S)-A^[(2-AUyloxycarbonylamino)-4,5-dimcthoxybcnzoylJ-2-(fert-butyldimcthy1silyloxymcthyl)- 
4-methytidinepyrrolidlne (71) 

55 [01 98] Potassium /ert-butoxide (21 .2 mL of a 0.5 M solution in THF, 10.6 mmol) was added dropwise to a suspension 
of methyltriphenylphosphonium bromide (3.78 g, 10.6 mmol) in THF (11 mL) at 0°C (ice/acetone) under nitrogen. After 
stirring for 2 hours at 0°C, a solution of the ketone 38 (Example 1(e)) (2.0 g, 4.07 mmol) in THF (7 mL) was added 
dropwise and the mixture allowed to warm to room temperature. After stirring for a further 45 minutes the reaction 
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35 



40 



55 



m*ure was d.luted w.th E.OAc (60 mL) and water (60 mL). Tho organic layer was separated, washed with brine, dried 
f ' lter * d i a " d i eva P° , ' ated *> ncuolo give a dark oil. Purification by flash chror ,tography (20% EtOAc/Petro- 
?70 52T rnr? w PUre 71 38 3 trans P arenl oil < 171 9' 86%): [«F 0 - -44 i,-3 » (c = 0.20, CHCI 3 ); 'H NMR 
^^^'u . l 3 l ( erS)6885(brS 1H >' 786 <^ 1H),6.82(s, 1H), 6.03-5.89 (m. 1H), 5.35 (ddd. 1H J = 1722 
2 72PBR ^ P«f nofn'lV* 10 ^ 4 "- 492 (m ' 2H) ' 4 7 °- 4 ' 57 ^ 3H >" 10H>." 

i,rff ! 8 ( T'f ^ 5 <m ' 9H) ' ° 09 ""° 03 (m ' 6H); 13C NMR < 67 8 MHz > CDCI 3> (Rotamers) 5 168.7, 153 6 

Sfn f i f 5 ' ^ 115 ' 3 ' 110 6 ' 1 ° 7 ' 1 ' 1 ° 4 - 3 ' 657 ' 63 6 ' 56 ' 3 ' 56 -°. 33-1. 258 > 18.1. -5.5 and -56- 
„ S , E ' ' "»* ' relatlve in,ensi, y) "92 (M- + 2, 7), 491 (M- + 1 , 20), 490 (M- 50), 475 (4), 435 (10) 447 (3) 434 (29) 
433 (94), 376 (4), 375 (13). 348 (5), 333 (11 ), 332 (6), 294 (3), 265 (16), 264 (100), 227 (8 226 24 224 5) 223 08) 

m SSS°i£ ^ <5> ' 207 <13) ' 206 <96) ' 192 <7) ' 180 (18 >' 179 25 >' 170 21 >, 169 8 ,16 £ ^ 64 (13) ' 52 
f"T£ <« (^96 (5). 95 (12), 94 (7), 89 ,8), 82 (25). 75 (20), 73 (30), 59 (7), 58 5) 57 (41), 56 (7), 
55 (4), IR (NEAT) 3324 (br, NH), 3082, 2953, 2930, 2857, 1732, 1600, 1523, 1490, 1464 1419 1397 360 1333 
1287,1259,1228.1203.1172,1115.1039,1004,939.837,814,777 666 cm'. 

(2S)-^[(2-AMyloxycarbonylamino)-4,5-dimethoxyben 2 oyl]-2-(hydro)<ymethyl)-4-methylidine P yrrolidine(72) 

[019 3 • ^° lulion °' TBAF < 4 ' 29 m '- of a 1 M solution in THF, 4.29 mmol) was added to the silyl-ether 71 (1 68 g 3 43 
mmol) in THF (45 mL) at 0»C (ice/acetone). The reaction mixture was allowed to warm to room temperature and after 
NH^n BOAc/Pe, Elher 40 °" 6 ° e ) revea,ed «»» complete disappearance of starting material. Saturated 

a £ 1 «T ' WE1S added 3nd ,he ' eaCti0n mixlU, ° extracled ««*> EtOAc (3 X 50 mL), washed with brine (100 mL) 
Z 1 '^' ft,tered and eva P°^ted in vacuo to give a dark orange oil. Purification by flash chromatography (99% 
,oZ i " r l?,7' ded ' he P urealcoho1 72 as a white solid (1 .15 g, B9%): [cp 0 = -13.1 7 • (c 0.15, CHCW; 'H NMR 

L x c o/ , ^ 3) 58 59 <br S ' 1H> ' 7 89 <*' 1H) ' 6 82 (S ' 1H >- 6 03 5 89 1H ). 5 35 < ddd . 1H. J= 17.22 3.11 1 65 
Hz), 5.24 (ddd, 1H, J= 10.44, 2.75. 1.28 Hz), 5.02-4.94 (m, 2H), 4.66-4.62 (m, 3H), 4.23-3.57 (m 11H) 2 77 (dd 1H 
J= 15.94, 8.42 Hz). 2.48 (d, 1H, J= 15.94 Hz); '3c NMR (67.8 MHz, CDCy 6 1 70.3. 153.8. 151 .0, 144 2 143 1 132 5 

m! oVCl S ;t' 11 °, A 108 - 1, 1 ° 4 - 9 ' 65 8 ' 65 1 " 598 ' 56 4 ' 560 ' 542 ' 341; MS < EI >' ^(relative intensity) 378 
(M + 2, 3), 377 (M + - -,. 1, 14), 376 (M-, 51 ), 319 (3), 265 (10), 264 (62), 263 (4). 259 (8), 224 (4). 223 (18) 220 (1 7) 

MoVf™ f (1 ° 0) ' 192 <8> ' 190 (5) ' 180 (27) ' 179 < 29 >' 178 < 4 >' 164 < 23 >< 163 < 4 >. 15 2 "2>. 151 (6), 150 

K ^ ~ m « ~ <6> ' 125 (6)> 120 ,6> ' 113 (6) ' 112 (31) ' 109 < 6 > 108 < 11 >' 95 l 4 >- 94 < 9 >' 02 (28), 80 (8). 67 
(5), 57 (5), 54 (7), 53 (7); IR (NUJOL® ) 3341 and 3245 (br, OH and NH), 3115, 2918, 2850 1727 1616 1540 1464 

1399, 1378, 1351, 1283, 1264, 1205, 1179, 1117, 1055, 1040, 996, 946. 909. 894. 855, 823, 768. 754 722 696 623' 

602cm-'; exact mass calcd for C 19 H 24 N 2 0 6 m/e376.1634, obsd m/e 376.1614. 

(1 1 S,1 1 aS)-10-Allyloxycarbonyl-7,8-dimethoxy-1 1 -hydroxy-2-methylidene-1 ,2,3,1 0.1 1 ,1 1a-hexahydro-5H- 
Pyrrolo[2,1-c][1,4]benzodiazepin-5-one(73) 

[0200J A solution of DMSO (0.75 mL, 0.82 g, 10.5 mmol) in CHjCI* (27 mL) was added dropwise over 38 minutes 
to a solution of oxalyl chloride (2.64 mL of a 2.0 M solution in CH 2 CI 2 , 5.27 mmol) al -45«C (liq.NyChlorobenzeno) 
under a nitrogen atmosphere. 

After stirring at -45«C for 1 h, a solution of the alcohol 72 (1 .1 0 g, 2.93 mmol) in CH 2 CI 2 (27 mL) was added dropwise 
over 1 hour at -45°C. Alter 1 hour al -45°C, the mixture was treated dropwise with a solution of TEA (1 71 mL 1 24 g 
12.29 mmol) in CH 2 CI 2 (15 mL) over 4C minutes at -45°C. After a further30 minutes, the reaction mixture was 'allowed 
to warm to room temperature and was diluted with CHjCfe (50 mL), washed with IN HOI (50 mL), H,0 (50 mL) brine 
(50 mL). dried <MgS0 4 ), filtered and evaporated in vacuo. TLC (80% EtOAc/Petroleum Ether) of the crude material 
revealed reaction completion. Purification by flash chromatography (60% EtOAc/Petroleum Ether) furnished the pro- 

^, d ,?I b,n0 ' amine 73 85 3 White 9laSS (0 45 9' 41% > : = +236.51 • (c = 0.14. CHCU; 'H NMR (270 MHz 

CDCI 3 ) 5 7.23 (s, 1 H), 6.69 (s, 1 H), 5.83-5.81 (m, 1H), 5.60-5.58 (m, 1H), 5.34-5.23 (m, 4H), 4.74-4.66 (m 1 H) 4 50-4 40 
(m, 1H), 4.30 (d, 1H, J= 15.94 Hz). 4.15 (d, 1H, J= 15.93 Hz). 3.96-3.85 (m. 7H), 3.65 (t, 1H. J= 8 61 Hz) 2 92 (dd 
1H, 16.21, 9.07 Hz). 2.70 (d, 1H. J= 15.94 Hz); « C NMR (67.8 MHz, CDCI 3 ) 5 166.7, 156.0 150 8 148 4 141 a' 

™Ll 28 f If,!' 118 ' V 112 4 ' 110 3l 109 8 ' 85 ' 9 ' 66 8 ' 59 6 ' 563 ' 561 • 50 7 35 °; MS < EI >. "^(relative intensity) 
376 (M - + 2. 6), 375 (M-+ 1, 22), 374(M-, 100). 346 (5). 293 (8), 288 (10). 271 (5), 265 (11), 264 (67) 248 (5) 237 
5 , 223 10). 220(9), 209 (6), 208 (42). 207 (14), 206 (70). 192 (7). 190 (5), 180(17), 179 (16). 165 (8), 164 (15) 153 
^ < 18) ; l 50 ( 12 '' 149 < 7 >> 137 ( 6 ). 136 (10). 135 (5), 125 (8), 110 (8), 108 (5), 94 (5), 83 (5), 82 (59). 80 (7) ; IR 
(CHCI 3 ) 3275 (br. OH), 3075, 2936, 2851, 1706, 1624,1604. 1516.1457. 1436,1403 1368 1312 1301 1278 1262 
1218, 1119. 1074, 1045, 940, 916, 893, 867, 851, 666, 637 cm-', exact mass calcd for C.' H^N, 0 6 m/e 374 147s' 
obsd m/e 374.1 687. 
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(1 1 aS)-7,8-Dimethoxy-2-methy lidene-1 ,2,3,1 1 a-tetrahydro-5«-pyrrolo[2,1 -c][1 ,41 benzodiazepine one (74, 
UP2064, MMY-SJG) 

[0201) A catalytic amount of tetrakis(lriphenytphosphine)palladium (32.4 mg, 28.1 jimol) was added to a stirred so- 
5 lution of the Alloc-protected carbinolamine 73 (0.42 g, 1 .12 mmol), triphenylphosphine (147 mg, 56.2 jimol) and pyr- 
rolidine (83.9 mg, 1.18 mmol) in CH 2 Cl 2 (55 ml). Alter 2.5 hours stirring at room temperature under a nitrogen atmos- 
phere, TLC (95% CHCI-j/MeOH) revealed the complete consumption of starling material. The solvent was evaporated 
in vacuo and the crude residue was purified by flash chromatography (CHCI 3 ) to afford the novel PBD (74, MMY-SJG, 
UP2064) as a yellow oil which was repeatedly evaporated in vacuo with CHCI 3 in order to provide the N10-C11 "rmine 
10 form (259 mg, 85%): [ap D = +583. 14 • (c= 1 .42, CHC! 3 ); 1 H NMR (270 MHz, CDCI 3 ) 6 7.69 (d. 1 H, J = 4.39 Hz), 7.51 
(s. 1 H), 6.82 (s, 1 H), 5.21 -5.1 7 (m. .:H>. 4.44-4.23 (m, 2H), 3.96-3.81 (m, 7H), 3.1 7-3.0B (m, 1 H), 2.95 (d, 1 H, J= 14.29 
Hz); 13 C NMR (67.8 MHz, CDCI 3 ) 6 164.7. 162.6, 151.5, 147.6, 141.6, 140.8, 119.8, 111.2, 109.4, 109.4, 56.2, 56.1, 
53.8, 51.4,35.5; MS (El), m/z (relative intensily) 273 (M + - + 1, 16), 272 (M-\ 100) : 271 (35), 270 (9), 255 (5), 243 (7), 
241 (7), 230 (6), 228 (6), 226 (5), 212 (3), 192 (4), 191 (1 6) ; 165 (4), 164 (19), 1 63 (4).. 136 (22), 93 (6), 82 (7), 80 (3), 
'5 53 (3); IR (NEAT) 3312 (br), 3083, 2936. 2843, 1624, 1603, 1505, 1434, 1380, 1264, 1217, 1180, 1130, 1096, 1069, 
1007, 935, 895 : 837, 786, 696, 666, 594, 542 cm' 1 ; exact mass calcd for C 15 H1 5 N 2 0 3 m/e 272.1161, obsd m/e 
272.1154. 

Example 2(d) : Synthesis of the PBD Dimer SJG-136 (UP2001) (see Figure 10) 

20 

[0202] 



25 




30 

(2S)«1.V-[[(Propane-1.3-diyl)dloxy)bte[(2-m^ 
butyldimethylsilyloxymethyl)-4-methylidenepyrrondine] (75) 

[0203] A catalytic amount of DMF (2 drops) was added to a solution of the dimer acid 44 (0.66 g, 1 .42 mmol) and 

35 oxalyl chloride (0.31 ml_, 0.45 g, 3.55 mmol) in THF (12 ml_). The reaction mixture was stirred for 16 hours under 
nitrogen, concentrated in vacuo, and redissolved in THF (10 mL). The resulting solution of fc/s-acid chloride was added 
dropwise to the amine 58 (0.65 g, 2.86 mmol), H 2 0 (0.84 mL) and TEA (0.83 mL, 0.60 g. 5.93 mmol) in THF (2 mL) 
at 0°0 (ice/acetone) under nitrogen. The reaction mixture was allowed to warm to room temperature and stirred for a 
further 2 hours at which time TLC (EtOAc) revealed reaction completion. After removal of the THF by evaporation in 

<to vacuo, the residue was partitioned between H 2 0 (100 mL) and EtOAc (100 mL). The aqueous layer was washed with 
EtOAc (3 X 50 mL), and the combined organic layers washed with saturated NH 4 CI (100 mL), brine (100 mL), dried 
(MgS0 4 ), filtered and concentrated in vacuo to give the crude product as a dark orange oil. Purification by flash chro- 
matography (50% ElOAc/Pctroleum Ether) aflorded the pure amide 75 as a pate yellow glass (0.93 g, 74%): [ot] 21 D = 
-51.1 w (c= 0.08, CHCI 3 ); 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) 5 7.77 and 7.74 (s x 2, 2H arom ), 6.81 and 6.76 (s x 

^5 2, 2H arorn ), 5.09-4.83 (m, 4H, NCH 2 C*CW 2 ), 4.60 (m } 2H, NCWCH 2 OTBDMS), 4.35-4.31 (m, 4H, OCHpCH 2 CHp). 
4.08-3.74 (m, 14H, NCHCH 2 OTBDMS, NCH 2 C-CH 2 and OCH 3 ), 2.72*2.45 (rn, 6H, NCH 2 C=CH 2 CH 2 and 
OCH 2 Ctf 2 CH 2 0), 0.91 and 0.79 (s x 2, 1 8H, SiC(CH 3 ) 3 ), 0.09, -0.09, and -0.1 2 (s x 3, 1 2H, Si(CH 3 ) 2 ) ; 13 C NMR (67.8 
MHz, CDCI 3 ) (Rotamers) 6 166.2 (NOO). 154.7 and 154.5 (C^,), 148.4 and 148.2 (C^,), 144.1 and 143.2 (C quat ), 
137.2 (C quat ), 128.2 and 127.4 (C quat ). 110.1 and 108.6 (C-H arom ), 109.1 and 108.3 (C-H 8r J, 107.5 (NCH 2 C=CH 2 ), 

50 65.7 and 65.5 (OCH 2 CH 2 CH 2 0), 63.9 and 62.6 (NCHCH 2 OTBDMS) ? 60.2 (NCHCH 2 OTBDMS). 58. 1 and 56.6 (OCW 3 ), 
52.8 and 50.5 (NCH 2 C=:CH 2 ), 35.0 and 33.9 (NCH 2 C=CH 2 CH 2 ) 1 30.8 and 28.6 (OCH 2 CH 2 CH 2 0), 25.8 and 25.7 (SiC 
(CH 3 ) 3 ), 18.2 (SiC(CH 3 ) 3 ), -5.5 and -5.6 (Si(CH 3 ) 2 ): MS (El), m/z (relative intensity) 885 (M+-, 7), 828 (M-'Bu, 100), 
740 (M-CH 2 OTBDMS, 20), 603 (3). 479 (26), 391 (27), 385 (25), 301 (7), 365 (10), 310 (14), 226 (8), 222 (13), 170 
(21), 168 (61), 82 (39), 75 (92); IR (NUJOL® ) 2923, 2853 : 2360 ; 1647, 1587, 1523 (N0 2 ). 1461, 1429, 1371, 1336 

55 (N0 2 ), 1277, 1217, 1114, 1061, 1021, 891 , 836 772, 739 cnr'. 
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(2S)-1,1 , -[[(Propane-1 l 3-diyl)dioxy]bis[(2-nitro-5-methoxy-1 ,4-phenylene)carbonyt]]bis[2-(hydroxymethyl)- 
4-methyiidenepyrrolidine) (76) 

[0204] A solution of TBAF (3.98 ml_ of a 1 M solution in THF, 3.98 mmol) was added to the 6/s-silyl ether 75 (1 .41 g, 
s 1 .59 mmol) in THF (35 mL) at 0°C (ice/acetone). The reaction mixture was allowed to warm to room temperature and 
after a further 30 minutes saturated NH 4 CI (120 mL) was added. The aqueous solution was extracted with EtOAc (3 
X 80 mL), washed with brine (80 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to give a dark orange oil which 
was purified by flash chromatography (97% CHCI 3 /MeOH) to provide the pure diol 76 as a light orange solid (0.98 g, 
94%): [u]% = -31 ,9°(c- 0.09.. CHCf 3 ); 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) 5 7.75 and 7.71 (s x 2, 2H arom ), 6.96 
W and 6.84 (s x 2, 2H arom ), 5.08. 5.02 and 4.88 (br s x 3 : 4H, NCH 2 C-CH 2 ), 4.61-4.50 (m, 2H, NCHCH 2 OH), 4.35-4.33 
(m, 4H : OCH 2 CH 2 CH 2 0), 4.02-3.65 (m, 14H, NCHCH 2 OH, NCH 2 C-CH 2 and OCHJ, 2.88-2.43 (m, 6H, 
NCH 2 C-CH 2 CH 2 and 0CH 2 CH 2 CH 2 O); 13 C NMR (67.8 MHz, CDCl 3 ) (Rotamers) 5 167.9 and 166.9 (NC=0), 154.9 
and 154.3 (C quat ), 148.4 and 148.2 (C quat ), 143.3 and 142.6 (C qual ), 137.2 and 137.0 (C quat ), 127.6 and 127.3 (C qual ), 
109.1 (C-H aro J, 1 08.4 (NCH 2 C=CH 2 ),1 08.2 (C-H arom ), 65.6 and 65 4 (OCH 2 CH 2 CH 2 0), 64.5 and 63.3 (NCHCH 2 OH), 
>s 60.5 and 60.0 (NCHCH 2 OH), 56.8 and 56.7 (OCH 3 ), 52.9 (IMCH 2 C-CH 2 ), 35.0 and 34.3 (NCH 2 C-CH 2 CH 2 ), 29.6 and 
28.6 (OCH 2 CH 2 CH 2 0); MS (FAB) (Relative Intensity) 657 (M+- "+ 1, 10), 639 (M-OH, 2), 612 (1), 544 
(M-NCH 2 CCH 2 CH 2 CHCH 2 OH, 4), 539 (1), 449 (16), 433(9), 404 (8), 236 (32), 166 (65), 151 (81), 112 (82).. 82 (100); 
IR (NUJOL©) 3600-3200 (br, OH), 2923, 2853, 2360, 1618, 1582, 1522 (N0 2 ), 1459, 1408, 1375 P 1335 (N0 2 ), 1278, 
1218,1061,908,810,757 cm- 1 . 

20 

(2SH ,1'-[[(Propane-1 ,3^ryi)dioxy]bis[(2-amm^ 
4-methylidenepyrroHdineJ (77) 

[0205] A mixture of the diol 76 (0.98 g, 1 .49 mmol) and SnCI 2 .2H 2 0 (3.36 g, 14.9 mmol) in MeOH (35 mL) was heated 
25 at reflux and the progress of the reaction monitored by TLC (90% CHCtyMeOH). After 45 minutes, the MeOH was 
evaporated in vacuo and the resulting residue was cooled (ice), and treated carefully with saturated NaHC0 3 (120 
mL). The mixture was diluted with EtOAc (120 mL), and after 16 hours stirring at room temperature the inorganic 
precipitate was removed by filtration through celite. The organic layer was separated, washed with brine (100 mL), 
dried (MgS0 4 ), filtered and evaporated in vacuo to give a brown solid. Flash chromatography (95% CHCI 3 /MeOH) 
30 afforded the pure iws- amine 77 as an orange solid (0.54 g. 61%): [a.j 19 D - -31 .8 0 (c= 0.30, CHCl 3 ); 1 H NMR (270 MHz, 
CDCI 3 ) 5 6.74 (s, 2H arom ), 6.32 (S, 2H aro J, 5.00 (br s, 2K NCH 2 C=C«p), 4.93 (br s, 2H, NCH 2 C=CH 2 ), 4.54 (br s, 2H, 
NCHCH 2 OH), 4.24-4.14 (m, 4H, OCHfiH^CHfi), 3.98-3.50 (m, 14H, NCHCH^OH. HCHfi=CH 2 and OCH 3 ) t 2.76 
(dd, 2H, J = 8.61, 15.91 Hz, NCH 2 C^CH 2 CH 2 ), 246-2.41 (m, 2H, NCH^CHaCH^), 2.33-2.28 (rn, 2H, 
OCH 2 CH*CH 2 0); «C NMR (67.8 MHz, CDCl 3 ) 5 171.0 (NC=0), 151.0 (C qual ), 143.5 (C^,), 141.3 (C^,), 140 6 
35 (C qu „), 112.4 (C-H arom ), 111.9 (C^,), 107.8 (NCH^CHj), 102.4 (C-H Brom ), 65.2 <OCH 2 CH 2 CH 2 0), 65.0 
(NCHCH 2 OH). 59.8 (NCHCH 2 OH), 57.1 (OCH 3 ), 53.3 (NCH 2 C=:CH 2 ), 34.4 (NCH 2 C=CH 2 CH 2 ), 29.0 (OCH 2 CH 2 CH 2 0); 
MS (FAB) (Relative Intensity) 596 (M>- ; 13), 484 (M-NCH 2 CCH 2 CH 2 CHCH 2 OH, 14), 389 (10) : 371 (29), 345 (5), 224 
(8), 206 (44), 166 (100), 149 (24), 112 (39), 96 (34), 81 (28); IR (NUJOL®) 3600-3000 (br, OH), 3349 (NH 2 ), 2922, 
2852, 2363, 1615, 1591 (NH 2 ), 1514, 1464, 1401, 1359, 1263, 1216, 1187, 1169, 1114, 1043, 891, 832 t 761 cur 1 . 

40 

(2S,4W)&(2S,4S)-1 ^'-[[(Propane-l^-diyOdioxylbis^amino-S-methoxy-l^-phenyleneJcarbonylJjbis 
[2-(hydroxymethyl)-4-methylpyrrolidine} (77). 

[0206] A solution of hydrazine (23 mg, 23 uL, 0.72 mmol) in MeOH (5 mL) was added dropwise to a solution of the 
« oiol 76 (95 mg, 0.145 mmol) and Raney Ni (20 mg) in MeOH (15 mL) heated at reflux. After 1 hour at reflux TLC (90% 
CHCIa/MeOH) revealed some amine formation. The reaction mixture was treated with further Raney Ni (20 mg) and 
hydrazine (23 mg : 23 jaL, 0.72 mmol) in MeOH (5 mL) and was healed at reflux lor an additional 30 minutes at which 
point TLC revealed complete reaction. The reaction mixture was then treated with enough Raney Ni to decompose 
any remaining hydrazine and heated at reflux for a further 1 .5 hours. Following cooling to room temperature the mixture 
50 was filtered through a sinter and the resulting nitrate evaporated in vacuo. The resulting residue was then treated with 
CH 2 C! 2 (30 mt_) ( dried (MgS0 4 ), filtered and evaporated in vacuo to provide the bis-amine (77) as a yellow oil (54 mg, 
63%): 1H NMR (270 MHz, CDCI 3 ) (diastereoisomers) 5 6.73 (s, 2H arom ), 6.32 (s, 2H arom ), 4.60-4.30 (m, 2H, 
NCHCH 2 OH), 4.19 (t, 4H, J= 5.87 Hz, OCH£H 2 CHp) 3.78-3.50 (m, 14H, NCHCBjOH. NCH 2 CHCH 3 and OCH 3 ), 
2.40-1 .55 (m, 8H, NCH 2 CHCH 3 , OCH 2 CH 2 CH 2 0 and NCH 2 CHCH 3 CH 2 ), 1.00-0.95 (rn. 6H, NCH 2 CHCH 3 ); MS (El), 
55 m/z (relative intensity) 600 (M**", 16), 459 (46), 345 (16).. 206"(13), 186 (17), 180 (31), 166 (37), 149 (6), 142 (76), 100 
(6), 98 (13), 97 (29), 84 (81), 69 (7). 55 (100) 
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(2SM f 1-Q(Pro|M!ie-1^lyl)dtoxyJb^ 
[2'(hydroxymethyl)-4-methyHdenepyrro!idinel (78) 

[0207] Pyridine (0.47 mL, 0.46 g, 5.82 mmol) was added to a stirred solution of the bis-amine 77 (0.857 g, 1 .44 mmol) 
in CH 2 CI 2 (30 mL) at 0°C ( ice/acetone) . The cool mixture was then treated dropwise with a solution of allyl chloroformate 
(0 33 mL 0 38 g, 3.15 mmol) in CH„CI 2 (10 mL). After 2.5 hours stirring al room temperature, the mixture was diluted 
with CH 2 CI 2 (60 mL), washed with IN HCI (2 X 50 mL), H 2 0 (80 mL), brine (80 mL), dried (MgSO A ), filtered and evap- 
orated in vacuo. The crude residue was purified by flash chromatography (70-100% EtOAcVPetroleum Ether) to afford 
the allyl cartamale compound 78 as a slightly orange glass (0.548 g, 50%): iH NMR (270 MHz, CDCI 3 ) 8 8.58 (br s, 
2H NH) 7.56 (s, 2H arom ), 6.78 (s, 2H arom ), 6.03-5.88 (m, 2H, NC0 2 CH 2 C«=CH 2 ), 5.39-5.21 |m, 4H, 
NC0 2 CH 2 CH=CH 2 ), 5.00 (br s, 2H, NCH 2 C=CB>), 4.93 (br s, 2H, NCH^C^), 4.70-4.57 (m, 4H, NC0 2 CH 2 CH=CH 2 ), 
4 30-4 25 (m 4H. OCK>CH 2 CH 2 0), 4.17-3.90 (m, BH, NCHCH 2 OH and NCH 2 C=-CH 2 ), 3.81-3.54 (m ? 8H, NCHCH 2 OH 
and OCH3). 2.76 (dd, 2H, J= 8.52, 15.85 Hz, NCH 2 C=CH 2 CH 2 ), 2.49-2.44 (m, 2H, NCH 2 C=CH 2 CH^), 2.36-2.28 (m, 
2H OCH 2 CH^H 2 0); 13 C NMR (67.8 MHz, CDCI 3 ) 5 170.3 (NC=O amidc ) ; 153.8 (NOO^J, 150.5 (C quat ), 144.8 
(C Qtnl ). MMC-JI. 132.5 (NC0 2 CH 2 CH-,CH 2 ), 130.7 (C qual ) ; 118.1 (NC0 2 CH 2 CH^CH 2 ), 116.8 (C Bj ), 110 9 (C- 
H 3: 108.1 (NCH 2 C=CH 2 ), 108.9 (C H arom ), 65.7 (NC0 2 ^ 2 CH = CH 2 ) : 65.4 (OCH 2 CH 2 CH 2 0), 65.1 (NCHCH 2 OH), 
59 8 (NCHCH 2 OH), 56.5 (OCH3), 53.9 (NCH 2 C=CH 2 ), 34.2 (NCH 2 C*CH 2 CH 2 ), 29.7 and 29.2 (OCH 2 CH 2 CH 2 0); MS 
(FAB) (Relative Intensity) 765 <M- v 1, 10), 652 (M-NCH 2 CCH 2 CH 2 CHCH 2 OH, 32).. 594 (4), 539 (2). 481 (51), 441 
(31), 290 (3), 249(13) : 232 (38), 192 (83), 166 (49), 149 (32), 114(100). 

1 ,1 '-[[(Propane-1 ,3-diy l)dioxy]bis[(1 1 S,1 1 aS) -1 0-(allyloxycarbony l)-1 ^ -hydroxy-7-methoxy-2-methy lidene- 
1, 2,3,10,1 1,11a*hexahydro-5H-pyrrolo[2 l 1-c][1,4)benzodia2epin-5-onel (79) 

[0208] A solution of the Ws-altoc compound 78 (150 mg, 0.196 mmol) in CH^C^CN (12 mL, 3:1) was treated 
with 4 A powdered molecular sieves (0.2 g) and NMO (70 mg, 0.598 mmol). After 15 minutes stirring at room temper- 
ature, TPAP (7 mg. 19.9 ^imol) was added and stirring continued for a further 2 hours al which timeTLC (95% CHCI3/ 
MeOH) indicated formation, of the fully cyclised product along with the presumed semi-cyclised product 79, and unre- 
actcd starting material 78 present in the reaction mixture. The mixture was then treated with a further quantity of NMO 
(35 mg 0 299 mmol) and TPAP (3.5 mg, 9.96 umol), and allowed to stir for a further 0.5 hours when TLC revealed 
reaction completion. The solvent was evaporated in vacuoand the black residue was subjected to flash chromatography 
(98% CHCU/MeOH) to provide the pure protected carbinolamine 79 as a while solid (47 mg, 32%): H NM R (270 MHz, 
CDCI3) 5 7.23 (., 2H ar6m ), 6.74 (s. 2H arom ), 5.90-5.65 (m, 2H, NC0 2 CH 2 CH=CH 2 ), 5.57 (d I 2H > £24 Hz NCH- 
CHOH), 5.26-5.07 (m. 8H, NCH 2 C=CH 2 and NC0 2 CH 2 CH=:CH 2 ), 4.67-4.10 (m. 14H, NC0 2 CH 2 CH=CH 2 , 
NCH^CH 2 , OCH^H 2 CH 2 0 and OH), 3.89 (s, 6H, OCH 3 ), 3.63 (m. 2H, NCHCHOH), 2.91 (dd, 2H, J= 8.79, 1576 
Hz, NCHaC-CHjCHb), 2.68 (d, 2H, J. 16.10 Hz, NCH 2 C=CH 2 CH 2 ) : 2.42-2.24 (m, 2H, OCH 2 CK>CH 2 0); *C NMR 
(67.8 MHz, CDCI3) 5 1 66.7 (NOO amidc ), 150.1 (C qual ). 149.0 ( C qual ), 141 .7 (C at ) 1 31 7 (NCO W^>- £° 6 
(C^)J28.9(C au JJ28.8(C^ 

85 9 (NCHCHOH), 66.9 (NC0 2 CH 2 CH=CH 2 ). 66.0 (OCH 2 CH 2 CH 2 0), 59.7 (NCHCHOH). 56.1 (OCH3 . 507 
(NCH 2 C=CH 2 ), 35.0 (NCH 2 C=C H 2 CH 2 ), 297 and 29.1 (0CH 2 CH 2 CH 2 O); MS (FAB) (Relative Intensity) 743 (M - - 17 
16) 725 (17) 632 (13), 574 (B), 548 (13), 490 (10), 481 (9), 441 (7), 425 (6), 257 (12), 232 (20), 192 (46), 166 (52), 
149 (100), 91 (59); IR (NUJOL® ) 3234 (br, OH), 2923, 2853, 2361, 1707, 1604, 1515, 1464, 1410, 1377, 1302, 1267, 
1205. 1163, 1120, 1045, 999, 955, 768, 722 cm' 1 . 

1 ,1 '-[[(Propane-1 ,3-diyl)dloxy Jbis[(1 1 aS)-7-methoxy-2-methylidene-1 ,2,3,1 la-tetrahyd ro-5H-pyr rolo[2,1 -c]l1 ,4] 
benzodiazepin-5-one] (80, SJG-136) 

[0209] A caialylic amount of lelrakis(lriphenylphosphine)palladium ( 1 1 mg, 9.52 jimol) was added to a slir red solution 
of the b/s-alloc-carbinolamine 79 (139 mg, 0.183 mmol), triphenylphosphine (4.8 mg, 18.3 umol) and pyrrolidine (27 
mg, 0.380 mmol) in CH 2 CI 2 /CH 3 CN (13 mL, 10:3) at 0"C (ice/acetone) under a nitrogen atmosphere. The reaction 
mixture was allowed to warm to room temperalure and the progress monitored by TLC (95% CHCiyMeOH). After 2 
hours 15 minutes TLC revealed the reaction was complete, proceeding via the presumed half-mmne product 261 to 
give a TLC spot which fluoresced brightly under UV. The solvent was evaporated in vacuo and the resulting residue 
subjected to flash chromatography (98% CHCI3/M0OH) to give the b/s-imine target molecule 80 (SJG-136) as a pale 
orange glass (78 mg, 77%) which was repeatedly evaporated in vacuo with CHCI 3 to provide the imtne form: [«J D - 
4357 7 MC- 007 CHCi 3 ); Reverse Phase HPLC (C 4 stationary phase, 65% MeOH/H 2 0 mobile phase, 254 nm), 
Retention time = 6.27 minutes, % Peak area = 97.5%; *H NMR (270 MHz, CDCI 3 ) (imine form) 6 7.68 (d. 2H. J - 4.4 
Hz, HC-N), 7.49 (s, 2H arom ), 6.85 (s, 2H 8rom ), 5.20 (s. 2H, NCH 2 C=CH 2 ). 5.17 (s, 2H, NCH 2 C=CH,), 4.46-4.1 (m, 
4H OCHXH 2 ChW 3 92 (s. 6H, OCHj. 3.89-3.68 (m, 6H. NCH 2 C=CH 2 and NCHHC=N), 3.12 (dd. 2H. J= 8.61, 
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16.21 Hz, NCH 2 C=CH 2 CHy, 2.68 (d, 2H, J- 16.30 H?, NCH 2 C=CH 2 CH^), 2.45-2.38 (m, 2H, OCH 2 CH 2 CH 2 0); 13 C 
NMR (67.8MHz, CDCI 3 ) (imincform) 5 164.7 (Nt>0), 162.6 (HC==N), 150.7 (C qual ), 147.9 (C quat ), 141 .5(C qual ), 140.6 
(C quat ), 119.8 (C quat ), 111.5 (C-H vom ) f 110.7 (C-H arom ), 109.4 (NCH 2 OCH 2 ) 7 65.4 (OCH 2 CH 2 CH 2 0) ; 56.1 (OCH 3 ), 
53.8 (NCHHC-N), 51 .4 (NCH 2 C=CH 2 ), 35.4 {NCH 2 C=CH 2 CH 2 ), 28.8 (OCH 2 CH 2 CH 2 0); MS (FAB) (Relative Intensity) 
5 (imine form) 773 (M + - + 1 + (Thtoglycerol adduct X 2), 3), 665 (M + - + 1 + Thioglycerol adducL 7), 557 (M+- + 1 , 9) : 464 
(3), 279 (12), 257 (5), 201 (5) t 185 (43), 166 (6), 149 (12), 93 (100); IR (NUJOL© ) 3600-3100 (br, OH of carbinolamine 
form), 2923, 2B49, 1599, 1511, 1458, 1435, 1391, 1277, 1228, 1054, 1011, 870, 804, 761, 739 cm 1 . 

Alternative Synthesis of UP2001, SJG-136 (80) (see Figure 11) 

[0210] UP2001 was also prepare, d by an alternative synthesis based the bis -ketone 52 (see Example 11(f)). 

1 ,1 '-[[(Propane-1 ,3-diyl)djoxy]bis[2-amino-N'allyloxycarbonyl-5-methoxy'1 ,4-phenytene)carbonyl]]-bis[(25>- 
2-f-butyldlmethylsilyloxymethyl-4-methylidene-2 J 3-dihydropyrrole3 (206) 

15 

[0211] A solution of potassium-f-butoxide in dry THF (0.5 M, 4.00 mt_, 2.00 mmol) was added to as suspension of 
meihyltriphenyiphosphonium bromide (0.71 6 g , 2.00 mmol) In dry THF (2.00 m(_). The resulting yellow ylide suspension 
was allowed to stir at 0"C for 2 hours before the addition of a solution of the bis-ketone 52 (0.50 g, 0.50 mmol) in THF 
(10 ml) al 10*C. The reaction mixture was allowed lo warm lo room temperature and stirring was continued for a 
20 further hour. 

The reaction mixture was partitioned between ethyl acetate (15 mL) and water (15 ml_) and the organic layer was 
washed the sat. sodium chloride (20 mL) and dried over magnesium sulphate. Removal of excess solvent gave a brown 
oil that was subjected to flash column chromatography (50% ethyl acetate, 50% 40-60° petroleum ether) to afford the 
product as a yellow glass 206 (250 mg, 51%). [ap* D = -32 ° (c 0 265, CHCI 3 ). 1 H NMR (CDCI 3 ): 5 0.00 (s, 12H), 0.88 
25 ( S( 18H), 2.37-2.40 (m, 2H), 2.69-2.75 (m, 4H), 3.80-4.62 (m T 20H), 4.61-4.63 (m, 4H), 4.98 (bs, 4H), 5.30-5.38 (m, 
4H) : 5.94-6.00 (m, 2H), 6.81 (s : 2H), 7 84 (s, 2H), 8.80 (bs, 2H). 

1 >1'-[[(Pir>pane-1,3-diyl)dioxy^ 

2-hydroxymethyl-4-methyHdene-2 T 3-dihydropyrrole] (78) 

30 

[0212] An aliquot of hydrogen fluoride/pyridine complex (0.8 mL. 70% HF, 30 % pyridine) was added to a solution of 
the bis-silyl ether 206 (285 mg, 0.287 mmol) in THF (1 0 mL) at 0°C under a nitrogen atmosphere. Stirring was continued 
at 0°C for 30 minutes and the reaction mixture was then allowed to rise to room temperature over a 1 hour period. The 
reaction mixture was neutralised with sodium bicarbonate and extracted with dichioromethane (3 x 30 mL). The com- 
35 bined organic phase was washed with brine and dried over magnesium sulphate. Removal of excess solvent under 
reduced pressure afforded the product 78 as a yellow gum (218 mg). 

1 ,1 '[[(Propane-1 ,3-diyl)dioxy]bis(1 1 S,1 1aS)-1 0-(allyloxycarbonyl)-1 1 -hydroxy-7-methoxy-2 -methyl idene- 
1,2,3/IO,11,11a-hexahydro-5H-pyrrolo[2,1-c] [1,4-benzodiazepin-5-one] (79) 

40 

[0213] A solution of dimethyl sulphoxide (0.55 mL, 7.75 mmol) in dry dichioromethane (10 mL) was added dropwise, 
over a 15 minute period, to a stirred solution of oxalyl chloride (0.32 mL, 3.67 mmol) in dichioromethane (10 mL) al - 
45° C under a nitrogen atmosphere. The reaction mixture was allowed to stir for 35 minutes at - 45° C followed by 
addition of the diol 78 (1.01 g, 1.32 mmol) in dichioromethane (10 mL), at the same temperature, over 15 minutes. 

45 After a further 45 minutes a solution of triethylamine (1 .50 mL, 1 0.76 mmol) in dichioromethane (1 0 mL) was added 
over a period of 15 minutes. The reaction mixture was allowed to stir at - 45°C for 30 minutes before being allowed to 
warm to room temperature over 45 minutes. The reaction mixlure was diluled with waler and the phases were allowed 
to separate. The organic phase was washed with 1 M HCI (3 x 50 mL), sat. sodium chloride (50 mL) and dried over 
magnesium sulphate. Removal of excess solvent yielded the crude product, which was purified by flash column chro- 

50 matography (1.5% methanol 98.5% chloroform) to afford the product 79 (0.785 g, 77%). 

1.1[{(propane-1,3 diyl)dioxyJbis[(11aS)-7-methoxy-2-methyl!dene-1 ,2,3,11a-tetrahydro-5H-pyrrolo[2,1-c) [1,4] 
benzodiazein-5-one] (80, SJG-136) 

55 [0214] A catalytic amount of tetrakis(triphenylphosphine)palladium (21 mg : 0.018 mmol) was added to a stirred so- 
lution of the 0/s-aHoc-carbinolamine 79 (250 mg, 0.33 mmol) : Iriphenylphosphine (10 mg, 0.033 mmol) and pyrrolidine 
(0.05 mL, 0.66 mmol) in dry CH 2 CI 2 (30 mL) at 0°C (ice/acetone) under a nitrogen, atmosphere. The reaction mixture 
was allowed to stir for 2 hours before warming to room temperature over 1 hour.. The solvent was evaporated under 
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reduced pressure and the resulting residue subjected to Mash chromatography (98% CHCIj/MeOH) to give the bis- 
imine target molecule 80 (SJG-136). 

Example 2(e) : Synthesis of 1,1Tr(pentane-1,5-divl)dioxy1bisr(11aS)>7-methoxy-2-methvlidene-1 ,2,3,11a- 
5 tetrahydro-5H-pyrrolof2,1-c]ri ^Ibenzodiazepin-S-one] (218) (see Figure 12a/b) 

[0215] 



w 




Preparation of Nitro Dimer Core 

zo 1',5 -Bis[2-methoxy-4-(methoxycarbonyl)phenoxy]pentane (208) 

[0216] Neat diethyl azidodicarboxylate (19.02 mL, 21 .04 g, 120.8 mmol) was added dropwise over 30 minutes to a 
stirred solution of methyl vanillato (206) (20 g. 109.8 mmol) and triphenytphosphine (43.2 g, 1 64.7 mmol) in anhydrous 
TH F (400 mL) and the reaction mixture was allowed to stir at 0°C for 1 h. The cold reaction mixture was treated dropwise 

25 over 20 minutes with a solution of 1 ,5-pentanedio! (207) (3.83 mL, 4.03 g, 53.0 mmol) in THF (4 mL). The reaction 
mixture was allowed to stir overnight at room temperature and the precipitated product (208) was collected by vacuum 
filtration. Dilution of the filtrate with methanol precipitated further product (208). The combined precipitate (12.3 g, 52 
% based on pentanediol) was used in the next step without further purification: *H NMR (270 MHz, CDCI 3 ) 6 7.65 (dd, 
2H, J= 2.01 , 8.42 Hz), 7.54 (d, 2H, J= 2.01 Hz),6.87 (d, 2H : J= 8.42 Hz), 4.10 (t, 4H, J=-~ 6.59 Hz), 3.90 (s, 6H). 3.89 

30 ( S . 6H). 2.10-1.90 (m, 4H). 1.85-1.26 (m, 2H). 

I'.B'-Bis^-methoxy^-fmcthoxycarbonylJ-S-nitrophenoxyJpentane (209) 

[0217] Solid copper (II) nitrate trihydrate (1 6.79 g, 69.5 mmol) was added slowly to a stirred solution of the bis-ester 
35 (208) (12 g. 27.8 mmol) in acetic anhydride (73 mL) at 0°C. The reaction mixture was allowed to stir for 1 hour at 0°C, 
the ice bath was removed and the reaction mixture was allowed to warm to room temperature a mild exotherm, c. 
40°C ; accompanied by the evolution of N0 2 occurred at this stage. After the exotherm had subsided stirring at room 
temperature was continued for 2 hours. The reaction mixture was poured into ice water and the aqueous suspension 
allowed to stir for 1 h. The resulting yellow precipitate was collected by vacuum filtration and dried in air to afford the 
40 desired bis nitro compound (209) (14.23 g, 98 %): 1 H NMR (400 MHz. CDCI 3 + DMSO) 6 7.45 (s, 2H), 7.09 (s, 2H), 
4.14 (t, 4H, J- 6.31 Hz), 3.97 (s, 6H), 3.90 (s, 6H), 2.20-1.94 (m, 4H), 1.75-1.70 (m, 2H). 

r,5'-Bis(4-carboxy*2-methoxy-5-nitrophcnoxy) pentane (210) 

^5 [0218] A suspension of the ester 209 (9.0 g, 17.2 mmol) In aqueous sodium hydroxide (1 M f 180 mL) and THF (180 
mL) was allowed to stir until a homogenous solution was obtained (2 days). THF was evaporated under reduced 
pressure and the resulting aqueous suspension was filtered to remove any unreacted starling material. The littrate was 
adjusted to pH 1 . the precipitated product was collected by filtration and air dried to afford the desired bis-acid (210) 
(8.88 g). A higher than theoretical yield was obtained due to the inclusion of the sodium salt of acid. The salt may be 

so removed by dissolving the bulk of the material in THF and removing the insoluble material by filtration: M l NMR (400 
MHz, CDCI 3 ) 6 7.39 (s, 2H), 7.16 (s, 2H), 4.12 (t, 4H, J= 6.59 Hz), 3.95 (s, 6H), 2.00-1 .86 (m, 4H), 1.75-1 .67 (m, 2H). 

Assembling the Bis Ketone Intermediate 

55 1,14[(Pentane-1,5-diyl)dtoxy]bis[2-nitro^ 

butyldimethylsilyloxymethyl-4- hydroxy pyrrolidine] (21 1) 

[0219] A catalytic amount of DMF (5 drops) was added to as stirred suspension of the acid 210 (5.39 g, 10.9 mmol) 
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25 



and oxafyl chloride (3.47 g, 2.38 mL, 27.3 mmol) in anhydrous THF (50 ml_). Initial effervescence was observed followed 
by the formation of a homogenous solution, however after stirring overnight a suspension of the newly formed acid 
chloride was formed. Excess THF and oxaly I chloride was removed by rotary evaporation under reduced pressure and 
the acid chloride was resuspended in fresh THF (49 mL). The acid chloride solution was added dropwise to a solution 
of the <2S r 4/?)-2^-buty[dimethylsily!oxymethyl-4-hydroxypyrrolidine (2) (6.3 g. 27.3 mmol). triethylamine (4.42 g 6 09 
mL, 43.7 mmol) and water (1 .47 mL) in THF (33 mL) at 0°C under a nitrogen atmosphere. The reaction mixture was 
allowed to warm to room temperalure and stirring was continued for 3 h. Excess THF was removed by rotary evaporation 
under reduced pressure and the resulting residue was partitioned between water (300 mL) and ethyl acetate (300 mL) 
The layers were allowed to separate and the aqueous layer was extracted with ethyl acetate (3 x f 50 mL). The combined 
organic layers were then washed with ammonium chloride (150 mL) t sat. sodium bicarbonate (150 mL), brine (150 
mL) and dried over magnesium sulphate. Filtration followed by rotary evaporation under reduced pressure afforded 
the crude product as a dark oil. 

The crude product was subjected to flash column chromatography (3% methanol, 97% chloroform) and removal of 
excess eluent isolated (211) (3.70 g. 37% yield): *H NMR (270 MHz, CDCI 3 ) 5 7.65 (s. 2H) 6 77 (s 2H) 4 52 (bs 2H) 
4.40 (bs, 2H), 4.17-4.10 (m, 6H), 3.92 (s, 6H), 3.77 (d, 2H, J~ 10.26 Hz), 3.32 (td, 2H, j= 4.40. 11.35 Hz) 3 08 (d' 
2H, J= 11.35 Hz), 2.37 2.27 <m, 2H), 2.1 0-2.00 (m, 6H), 1 .75-1 .60 (m, 2H), 0.91 <s, 18H), 0.10 (s, 12H). 

1 ,1 '-[[(Pentane-1 ,5-dlyl)dioxy]bls[2-amino-5-methoxy-1 ,4-pheny lene)carbonyl]]-bls[(2S,4ff)-2-t- 
butyldimethylsilyloxymethyf-4-hydroxypyrrolidine)(212) 

[0220] A methanol solution of hydrazine hydrate (1 .25 mL, 1 .29 g, 40.2 mmol of hydrazine, 20 mL of methanol) 
was added dropwise to a solution of the bis-nitro compound 21 1 (3.6 g, 3.91 mmol) in methanol (68 mL) gently ref luxing 
over Raney nickel (510 mg of a thick slurry). After 5 minutes at reflux TLC (10% MeOH, 90% chloroform) revealed the 
incomplete consumption of starting material. The reaction mixture was treated with additional Raney nickel (c 51 0 mg) 
and hydrazine (1.25 mL) in methanol (20 mL) resulting in complete consumption of starting material. Excess Raney 
n<ckel was added lo the reaction mixture to decompose unreacted hydrazine hydrate and the reaction mixture was 
then allowed to cool. The reaction mixture was filtered through celite to remove excess Raney nickel and the filter pad 
washed with additional methanol (Caution! Raney nickel is pyrophoric, do not allow filter pad to dry, use cone. HCI to 
destroy nickel) The combined filtrate was evaporated by rotary evaporation under reduced pressure and Ihe residue 
re-dissolved in dichloromethane. The dichloromethane solution was dried over magnesium sulphate (to remove water 
associated with the hydrazine), filtered and evaporated to afford the product (212) as a foam (3.37 g 91%): 1 H NMR 
(270 MHz 5 CDCI 3 ) 0 6.69 (s ? 2H), 6 24 (s. 2H), 4.40-3.40 (m, 28H). 2.40-1.60 (m. 10H), 0.88 (s, 18H)' 0.03 (s, 12H). 

1 ,1 '-[[(Pentane-1 ,5-diyl)dioxy]bis[2-amino-N-allyloxycarbony|.5-methoxy-1 > 4-phenylene)carbonyl]3-bis{(2S > 
4ff)-2-t-butyldimethylsilyloxymethyM-hydroxypyrroHdine](213) 

[0221] A solution of ally! chloroformate (0.806 mL 0.916 g, 7.6 mmol) in dry dichloromethane (63 mL) was added, 
dropwise, to a solution of the bis-amine 212 (3.27 g, 3.8 mmol) and pyridine (1.26 g, 1.29 mL, 15.9 mmol) in dichlo- 
romethane (1 28 mL) at 0°C under a nitrogen atmosphere. The reaction mixture was allowed to warm to room temper- 
ature and to stir for 16 h. At which time TLC (10% MeOH, 90% Chloroform) revealed reaction to be complete. The 
reaction mixture was diluted with dichloromethane (40 mL) and washed with sat. copper II sulphate (2x140 mL), water 
(120 mL) and sat. sodium chloride (120 mL). The organic phase was dried over magnesium sulphate, filtered and 
evaporated under reduced pressure lo afford 213 as a foam (3.60 g, 92%); 1 H NMR (270 MHz, CDCI 3 ) 6 8.87 (bs, 2H), 
7.66 (s, 2H), 6.77 (s. 2H) } 6.05-5.80 (m, 2H), 5.40-5.15 (m, 4H), 4.70-4.50 (m, 6H), 4.38 (bs, 2H), 4.20^.00 (m, 4H), 
3.78 (s, 6H), 3.70-3.40 (m, 8H), 2.40-2.20 (m, 2H), 2.10-1 .80 (m, 6H), 1 .75-1 .55 (m, 2H), 0.89 (s, 1 8H), O.04 <s, 1 2H). 

1 ,t '-[[(Pentane-1 ,5-diyl)dioxy]bis[2-am^ 
2-f-butyldimethylsilyloxymethyl-4-oxo-pyrrolidine} (214) 

[0222] A solution of dimethyl sulphoxide (1.47 mL ; 1 .62 g. 20.7 mmol) in dry dichloromethane (32 mL) was added 
dropwise over 45 minutes to a stirred solution of oxalyl chloride (5.18 mL of a 2 M solution in dichloromethane, 10.35 
mmol) at - 60°C under a nitrogen atmosphere. After stirring at - 50 a C for 30 minutes, a solution of the bis-alcohol 213 
(3.55 g, 3.45 mmol) in dichloromethane (53 mL) was added dropwise over a period of 50 minutes. The reaction mixture 
was allowed to stir at -60°C for 30 minutes prior to the dropwise addition of a solution of triethylamine (4.75 g, 6.54 
mL, 46.9 mmol) in dichloromethane (27 mL). Stirring was continued at - 60°C for 45 minutes and then allowed to warm 
lo 0°C. The reaction mixture was diluted with dichloromethane (20 mL), washed with cold 1 M HCI (2 x 100 mL). sat. 
sodium chloride (100 mL) and dried over magnesium sulphale. Removal of excess solvent afforded Ihe crude bis- 
ketone which was purified by flash column chromatography (50% ethyl acetate, 50% 40-60° petroleum ether) to yield 
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the pure bis-keione (214) as a pale yellow foam (2.54 g, 72%): *H NMR (270 MHz, CDCI 3 ) 5 8.69 (bs, 2H), 7.78 (s, 
2H), 6.75 (s. 2H), 6.05-5.80 (m, 2H), 5.40-5.20 (m, 4H). 4.65-4.60 (m, 4H). 4.20-3.60 (m, 20H), 2.74 (dd, 2H, J= 9.25, 
18.1 Hz). 2.51 (d. 2H. J=-- 17.4 Hz), 2.00-1.90 (m, 4H). 1.75-1.65 (m, 2H), 0.87 (s f 1BH), 0.05 (s, 12H). 

^ Elaboration of bis Ketone and Preparation of the Target Molecule 

1,V-CT(Pentane-1,5-diyl)dloxy]bis(2-ami™^ 

2-f-butyldimethylsiryloxymethyl-4-methylidene-2,3-dihydropyrrole] (215) 

W [0223] A solution o1 potassium- f-butoxide in dry THF (0.5 M, 25.2 mL, 12.6 mmol) was added dropwise to a suspen- 
sion of methyltriphenylphosphonium bromide (4.50 g : 12.6 mmol) in dry THF (15 mL). The resulting yellow ylide sus- 
pension was allowed to stir at 0*C for 2 hours before the addition of a solution of the bis-ketone 214 (2.48 g, 2.42 
mmol) in THF (10 mL) al 10°C. The reaction mixture was allowed to warm to room temperature and stirring was 
continued for a further hour. 

'5 The reaction mixture was partitioned between ethyl acetate (100 mL) and water (100 mL) and the organic layer was 
washed with sat. sodium chloride (200 mL) and dried over magnesium sulphate. Removal ol excess solvent gave a 
brown oil that was subjected to flash column chromatography (50% ethyl acetate, 50% 40-60° petroleum ether) to 
afford the product (215) as a yellow glass (865 mg, 35%): 1 H NMR (400 MHz. CDCI 3 ) 5 8.90 (bs. 2H), 7.83 (s, 2H), 
6.82 (s, 2H), 6.05-5.90 (m, 2H), 5.40-5.20 (m, 4H), 4.99 (bs, 2H), 4.91 (bs, 2H), 4.65-4.60 (m, 4H), 4.20-3.60 (m. 20H). 

» 2.70 (bs, 4H), 2.00-1.90 (m, 4H), 1.75-1 .63 (m, 2H), 0.88 (s, 18H), 0.03 (s, 12H). 

1,V-[[(Pentane-1,5-diyi)dioxyJbis[2-amino-N-allytoxycarbonyl-5-methoxy-1 ,4-phenylene)carbonyn]-bis[(2S)- 
2-hydroxymcthyl-4-mcthylidene-2,3-dlhydropyrrole] (216) 

?5 [0224] A solution of TBAF (3.02 mL of a 1 M solution in THF, 3.02 mmol) was added to the bis-silyl ether (215) (1 .23 
g, 1.21 mmol) in THF (30 mL) at 0°C (ico/acetone). The reaction mixture was allowed to warm to room temperature 
and to stir overnight, the following day : TLC (50:50 BO Ac/Pet-Ether 40°-60°) revealed the complete disappearance 
of starting material. Saturated NH 4 Cl (150 mL) was added and the reaction mixture extracted with EtOAc (3 X 60 mL), 
washed with sat. sodium chloride (150 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to give a yellow oil. Pu- 

30 rification by flash chromatography (97% CHCly 3%MeOH) provided the pure alcohol (216) (916 mg, 96%): 1 H NMR 
(400 MHz, CDCI 3 ) 5 8.61 (bs. 2H), 7.58 <s, 2H) : 6.79 (s, 2H), 6.05-5.90 (m, 2H). 5.40-5.20 (m, 4H), 5.01 (bs, 2H) f 4.93 
(bs : 2H). 4.65-4.60 (m, 4H). 4.20-3.60 (m, 20H). 2.76 (dd, 2H, , J= 8.42. 15.74 Hz). 2.47 (d, 2H, J= 1 5.93 Hz), 2.00-1 .90 
(m, 4H). 1.80-1.63 (m. 2H). 

35 1 I V[[(Pentane-1 l 5-diyl)dioxy]bis^^ 

1 ,2,3 ? 1 0,1 1 ,1 1a-hexahydro-5W-pyrrolo[2,1 -c][1 ,4-benzodiazepin-5-one] (217) 

[0225] A solution of dimethyl sulphoxide (0.57 mL, 0.63 g. 8.07 mmol) in dry dichloromethane (17 mL) was added 
dropwise, over a 40 minute period, to a stirred solution of oxalyl chloride (2.02 mL, of a 2 M solution, 4.04 mmol) al - 

40 45°C under a nitrogen atmosphere. The reaction mixture was allowed to stir for 40 minutes at - 45°C followed by 
addition of the diol 216 (0.89 g, 1 .12 mmol) in dichloromethane (17 mL), at the same temperature, over 15 minutes. 
After a further 60 minutes a solution of trielhylamine (1.31 mL, 9.42 mmol) in dichloromethane (9 mL) was added over 
a period of 40 minutes. The reaction mixture was allowed to stir at - 45°C for 40 minutes before being allowed to warm 
to room temperature over 45 minutes. The reaction mixture was diluted with water and the phases were allowed to 

« separate. The organic phase was washed with 1 M HCI (2 x 40 mL), water (40 mL), sat. sodium chloride (40 mL) and 
dried over magnesium sulphate. Removal of excess solvent yielded the crude product, which was purified by flash 
column chromatography (1% methanol, 99% chloroform) to afford the product 217 (0.175 g, 20%): 1 H NMR (400 MHz, 
CDCI3) 6 7.22 (s, 2H), 6.65 (s. 2H), 5.82-5.70 (m, 2H) t 5.58 (d, 2H, J= 9.70 Hz), 5.25-5.00 (m, 8H), 5.75-4.35 (m, 4H), 
4.30 (d, 2H, J= 1 6.10 Hz), 4.15 (d, 2H, J= 17.03 Hz), 4.01 (t, 4H, J = 6.32 Hz), 3.90 (s, 6H), 3.64 (t, 2H. J = 8.70 Hz), 

50 3.00-2.85 (m, 2H), 2.71 (d, 2H, J ~ 16.29 Hz), 2.00-1.85 (m, 4H), 1.70-1 .60 (m, 2H). 

1,1'[[(pentane-1 ^-diylJdioxyjbisKHa^-mcthoxy-a-methylidene-l, 2,3,1 1a-tctrahydro-5H-pyrrolo[2,1-c][1,4} 
benzodiazepin-5-one] (218) 

55 [0226] A catalytic amount of telrakis(triphenytphosphine)pa!ladium (13 mg, 1 1 .2 mmol) was added to a stirred solution 
of the bis-atloc-carbinolamine (217) (1 70 mg, 0.22 mmol). triphenylphosphine (5.7 mg, 21 .6 mmol) and pyrrolidine (31 
mg, 37.3 mL 0.45 mmol) in OCM (13 mL) at 0°C (ice/acetone) under a nitrogen, atmosphere. The reaction mixture 
was allowed to warm to room temperature and the progress of reaction monitored by TLC (95% CHCiyMeOH). After 
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2 hours TLC revealed the reaction was complete to give a spot, which fluoresced brightly under UV light. The solvent 
was evaporated under reduced pressure and the resulting residue subjected to flash chromatography (99% to 98 
CHCyh? vOH) to give the bis-imine target molecule 218 as a pale yellow glass (84.5 mg. 75%) which was repeatedly 
evapora . , m vacuo with CHCI 3 to provide the imine form: 1 H NMR (400 MHz. CDCI 3 ) 5 7.68 (d. 2H, J- 4.39 Hz), 7.49 
5 (s, 2H), 6 iiO (s, 2H), 5.19 (bs, 2H), 5.16 (bs : 2H), 4.28 (bs, 4H), 4.15-4.00 (m, 4H), 3.92 (s. 6H), 3.90-3.80 (m, 2H) r 
3.12 (dd, 2K , J- 8.97 : 15.93 Hz), 2.95 (d : 2H, J- 15.93 Hz) f 2.00-1.85 (m, 4H), 1.72-1.67 (m, 2H). 

Example 2(f) : Synthesis of PBD with ketone on C-ring (172, UP-2067) (see Figure 13) 

10 [0227] 



15 




20 

(2S)(4R)-N-[4-benzytoxy-5-methoxy-2^^ 
4- hydroxy pyrrolidine (168) 

[0228] A solution of 2 : 2 : 2 t rich lor oethytchloroform ate (8.74 g, 5.68 mL, 41 .2 mmol) in dichloromethane (50 mL) was 
25 added to a solution ot 4 (1 8.2g, 37.5 mmol) and pyridine (5.92 g, 6.1 mL, 75.0 mmot) in dry dichloromethane (200 mL) 
at 0°C under a nitrogen atmosphere. The reaction mixture was allowed to stir overnight at room temperature and was 
then washed with saturated copper sulphate solution (100mL) ! water (100 mL) and brine (100 mL). The organic phase 
was dried over magnesium sulphate, filtered and excess solvent removed by rotary evaporation to afford the product 
168 (22.01 g, 33 ? mmoL 89%) which was used in the subsequent reaction without further purification. 1 H NMR (270 
30 MHz. CDCI 3 ) 5 9 31 (bs. 1H) ; 7.48 (s, 1H); 7.45-7.28 (m, 5H); 6.82 (s, 1H); 5.17 (bs, 2H); 4.89 (d, J = 11.9 Hz, 1H); 
4.70 (d. J = 119 Hz. 1H): 4.56 (bs, 1H); 4.40 (bs, 1H); 4.20-4.00 (m ; 1H); 3.95-3.40 (m, 7H); 2.40-2 00 (m. 2H); 0.09 
(s.9H); 0.04 (s. 6H). 13 C NMR (67.8 MHz, CDCI 5 ) 5 169.2. 152.1. 1 50.2, 1 36.1 . 128.6, 128.1 , 127.7, 111 .6, 106.2. 95 2, 
74.4 : 70.7, 70.5, 62.1, 57.2, 56.4, 35.4 : 25.8, 18.1,-5.46. 

35 (2S)-N-[4-benzyloxy-5-methoxy-2-(2\ 2\ 2'-trichloroethoxy)carbonyl amino]-2-(tert- 
butyldimethylsilyloxymethyl)-4-oxopyrrolldine (169) 

[0229] A solution of DMSO (7.80 g, 99.8 mmol) in dry dichloromethane ( 1 8 mL) was added dropwise, over 30 minutes, 
to a solution of oxalyl chloride (6 .34 g, 49.9 mmol) in dry dichloromethane (25 mL) at - 45°C under a nitrogen atmosphere 

40 and the reaction mixture allowed to stir for a further 15 minutes. A solution of the substrate 168 (22.01 g, 33.3 mmol) 
in dichloromethane (50 mL) was added dropwise over 40 minutes to the reaction mixture, which was then allowed to 
stir for 45 minutes at - 45°C. Finally, neat triethytamine (23.52 g, 232.9 mmol) was added dropwise over 30 minutes 
and the reaction mixture allowed to stir at -45°C for 15 minutes. The reaction mixture was allowed to warm to room 
temperature . diluted with water (1 50 mL) and the organic phase washed with dilute HCI (1 H, 1 00 mL), water (1 00 mL) 

45 and brine (* 10 mL). The organic phase was dried over magnesium sulphate, filtered and concentrated in vacuo to 
afford the crude product which was subjected to column chromatography (ethyl acetate/40-60 petroleum ether. 50:50). 
Removal of excess eluent afforded the product (20.15 g, 92% yield). 1 H NMR (270 MHz. CDCt 3 ) 5 7.88 (bs ; 1H); 
7.49-7.28 (m, 5H); 6.80 (s, 1H), 5.22 (d : J = 12.1 Hz, 1H); 5.17 (d, J = 12.1 Hz, 1H); 4.80 (bs, 2H); 4.10-3.60 (m, 8H); 
2.75 (dd. J - 18.0. 9.5 Hz, 1H); 2.52 (d, J * 18.0 Hz. 1H); 0.87 (s, 9H); 0.06 (s, 3H); 0.05 (s, 3H). 13 C NMR (67.8 MHz) 

50 5 208.7, 168.6, 151.8, 150 6, 144.7, 136.0, 128.5, 128.1. 127.7, 110.9, 106.4, 95.2, 74.4, 70.7 : 66.0, 56.8, 56.4, 39,4, 
25. 8 ; 18.0, -5.7 

(2S)»N-[4-benzyloxy-5-methoxy-2-(2\2 ,2 , -trichloroethoxy)carbonyl amino]-2-(hydroxymethyl)- 
4-oxopyrrolidine (170) 

55 

[0230] Glacial acetic acid (60 mL) and water (20 mL) were added to a solution of ketone 169 (9.44 g, 14 3 mmol) in 
THP (20 mL) and the reaction mixture allowed to stir for 3 hr. (reaction complete by TLC). The reaction mixture was 
diluted with dichloromethane (200 mL) and neutralized dropwise with sat. sodium bicarbonate (1 .5 L) in a 5 L flask 
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(effervescence!). The phases were allowed to separate and the aqueous layer extracted with dichloromethane (2 x 
1 00 mL). The combined organic layers were washed with brine and dried over magnesium sulphate. Removal ol excess 
solvent afforded the crude product which was subjected to column chromatography on silica (ethyl acetatc/40-60 pe- 
troleum ether, 50:50) to give the pure product (6.44 g. 83%). 1 H NMR (270 MHz, CDCI 3 ) 5 8.77 (bs. 1 H); 7.57 (s, 1 H); 
7 46-7 28 (m 5H); 6.83 (s,1 H) 5.13 (s, 2H); 4.85-4.70 (m, 3H); 4.07-3.60 (m, 7H); 2.77 (dd, J = 18.5, 9.5 Hz, 1H); 2.54 
(d, J = 18.5Hz, 1H). 13 C NMR (67.8 MHz, CDCI 3 ) 5 209.0, 169.4, 152.3, 150.6, 145.5, 136.0, 130.0, 128.6, 128.3, 

127.6, 110.9, 107.4, 95.2, 74.5, 70.8, 64.4, 60.4, 56.6, 55.9, 39.5. 

(11s, 11aSH*ben2yloxy-11-hydroxy-5-methoxy-4-oxo.10-(2^2^ 2Mrichloroethoxy)carbonyl-ainino 1, 10. 11, 
11a-tetrahydro-5H-pyrrolo-[2,1-c]|1,4]ben2odia2epin-5-one (171) 

[02311 A solution of DMSO (4.45 g, 4.04 mL, 56.9 mmol) in dry dichloromethane (25 mL) was added dropwise, over 
5 minutes to a solution of oxalyi chloride (3.58 g, 49.9 mmol) in dry dichloromethane (14 mL) at -60°C under a nitrogen 
atmosphere and the reaction mixture allowed to stir for a further 15 minutes. A solution of the substrate 170 (1 0.93 g, 
20 0 mmol) in dichloromethane (25 mL) was added dropwise over 30 minutes to the reaction mixture, which was then 
allowed lo stir for 30 minutes at -60*C. Finally, neat triethylamine (11.15 g, 232.9 mmol) was added dropwise over 30 
minutes and the reaction mixture allowed to slir at -60'C lor 1 5 minutes. The reaction mixture was allowed to warm to 
room temperature, diluted with water ( 1 50 mL) and the organic phase washed with dilute HCI ( 1 N , 1 00 mL) . water (1 00 
mL) and brine (100 mL). The organic phase was dried over magnesium sulphate, filtered and concentrated in vacuo 
to afford the crude product which was subjected to column chromatography (ethyl acetate/40-60 petroleum ether, 50: 
50) Removal of excess eluent afforded the product 171 (9.66 g, 89 % yield). <H NMR (270 MHz, CDCl 3 ) 5 7.45-7.33 
(m 5HV 7 27 (s 1H); 6.95 (s, 1H); 5.76 (d, J - 9.9 Hz, IH); 5.52- 5.00 (m, 3H), 4.33 (d, J - 6.8 Hz, 1H); 4.30 (d, J - 
19 2 Hz 1 H)- 4 00-3 70 (m, 5H); 2.98 (dd, J 20.0, 10.4 Hz, 1 H); 2.94 (d, J = 20.0 Hz, 1 H). «C NMR (67.8 MHz) 8 

207.7, 167.5, 154.5, 152.6. 150.8, 149.6, 135.8, 128.9-127.3, 124.0, 114.5, 110.8, 95.0. 86.6, 75.0, 71.1, 56.8, 56.2, 
52.6, 40.2. 

(11aSM-ben2yloxy-5-methoxy-^ 

[0232] Cadmium/lead couple (1 .1 5 g) was added to a solution of cyclized ketone (1 g. 1 .84 mmol) in THF (5 mL) and 
aqueous ammonium acetate (1N. 15 mL). The reaction mixture was allowed to stir for 90 minutes and then filtered 
through celite. The celite pad was washed with ethyl acetate (2 x 25 mL) and the organic layer separated. The organic 
layer was washed with brine (50 mL) and dried over magnesium sulphate. Removal of excess solvent followed by 
column chromatography afforded the pyrrolobenzodiazepine 172 (0.324 g, 0.93 mmol). <H NMR (270 MHz, CDCI 3 )8 
7.75 (d, J = 4.4 HZ, IH); 7.51 (a. 1 H); 7.46-7.27 (m, 5H); 5.23 (d, J = 12.3 Hz. 1H); 5.17 (d, J = 

(m 3H 3 96 (a, 3H), 3.12 (dd, J , 19.6, 8.8 Hz : IH); 2.99 (dd, J = 5.0 Hz, IH). «C NMR (67.8 MHz) 6206.7, 165.5, 
161.4, 151.1, 148.5,140 .5, 136.0, 128.7-127.1 , 118.9, 111 .7 : 111.3. 70.9,56.4,53.4,51.0,40.0. 

Example 2(g) : Synthesis of (lla^^Benzvloxy^-methoxv-^i^methoxybenzyHden e-I^^.Hartetrahydro- 
Stf-pyrrolo[2,1 - cp ^benzodiazepine- 5-one (185) (see Figure 14) 

[0233] 




(2S)-^[(2-allyloxycarbanylaminoH-benzyloxy.5-methoxy].2.(ferfbutyldimethytsily1oxymethyl)- 
4-methylidenepyrrolidine (182) 

[0234] The Witlig reagent, 4-methoxybenzylphosphonium bromide (3.686 g. 0.88 mmol) was added portionwise to 
a suspension of sodium hydride (352 mg of a 60% dispersion, 8.80 mmol) in anhydrous toluene (25 mL under a 
nitrogen atmosphere at 0°C. The mixture was allowed to warm to room temperature and then heated at reflux for 30 
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sZton oHhe kiZ « \ c ^T^*™* Draaressivel V ,r ° m throuflb to orange. At this Stage a 

etc on mlr a rl* * 1 ? ( ° 5 9 ' ° 88 mmol) in d * ,oluene < 25 mL > ™ s add * d dropwise to the 

Sill I .' ° mlnUtGS TLC (50% eIhi " 50% 40 " 600 P e,roleu " elh er) revealed the com- 

b own r P , h P H° °h 6 EXCeSS t0 ' Uene WaS r0m ° Ved by ro,ary Ration under reduced pressure to yield a 

mn Th™ T Part ' ,,0ned bStWeen e,hy ' 8Ce,a,e (10 ° mL > atld sa,urated sodi ^ "ydroqen carbonate 100 

by ei^ 

Si S IT ? , ^ redUCed Pr ° SSUre 93Ve 8 dark ° il WhiCh Was sub i ec,ed ,0 ,lash chromatography on silica 
which r V H f ' I° % 4 °" 60 ° Pe,r ° leUnr ' e,h6r) Rem ° Val of GXcess e,uent a ' f °' d * d the product (182) as an oH 
wh ch solved on Sl and,ng (420 mg, 0.62 mmol, 71%). ( a F 0 - 7.48' ( c = 1 .002 CHCI 3 ) 1 H NMR (270 MHzCDCI 

7l ( M ,ftf J, H> ; 5 ' 40 " 5 17 (S ' 4H) ' 4 - 64 " 4 - 59 (m ' 2H >' 3 91 " 3 - 70 < m - 9H >. 3-00-2.95 (m, 2H). HRMS (FAB) 
673 (MM). Anal. Calcd for C 38H48 N 2 0 7 Si; C, 67.83; H, 7.19; N, 4.16. Found C, 67.64; H, 7.33; N, 4.03. 

S in TH°F ml 0 ! JTJr Y (1 21 mL ' 1 M solu,i °". 1 21 ™™0 «« added to a S o.u,ion of 182 (0.65 g, 0.97 
Excess THP } ° reaC,i ° n miX,We WaS a "° Wed IO Warm 10 room "=mperature and slir overnight 

t .hv!acIXrinn'Tr^ * ""^ evaDOra,ion under ,educed P ress "re and .he residue was partitioned between 
an J 2 ( } Sa ' U,a,ed ammonium cnl °n^ ( 1 ml). The organic phase was washed with brine (1 00 mL) 

was suited ZTT"! ^ eVWed ™ M preSSUre and ,he resultin 9 

was subjected to Hash column chromatography (silica gel, 50% ethyl acetate and 50% 40-60" petroleum ether) Re- 

t^,™?.!? ™ * evapora,ion undef reduced pressure afforded the compound 183 (0.9 g, 1 .61 mmol 
29 2 <b^m ( R no ? DC ' 3) CiS/,ranS miX,Ur ° 5 8 55 <bS ' 1H) ' 7 ' 60 - 7 ' 10 8H) 6.80-6.90 m. 3H), 6.40 and 
(ftilH> 3 50 ^ 70 ^ 1 'wolutc' **' 4 ^*^ ^ ^rn> 4H), 4.55-4.70 (m, 2H).4.50-4.30 (m, 1 ), 3.95-3.80 (m, 8H), 3.10-3.90 
(m, 1H), 3.50-3.70 (m, 1H). HRMS (FAB) Calcd for C^NjO, (M+H) 559.2444; Found 559.2-62 

1.2,3,10,11,11 a .hex a hydro-5H-py,rolo[2 > 1. c ][1,4]benzodiazepine-5-one (184) 

oxalyl chtonde (1.45 ml of a 2M solut.on. 2.90 mmolja. -40°C under a nitrogen atmosphere. After 45 minutes stirring 

After'Lfrln?^ T?, « ( °'? * ^ mm0l) ° CM (5 ° mL) W8S 9dded *° PWiSG ,0 ,he mix,ure °*er « ^i""'^ 
Ai^r st.rnng a - 45 C for 45 m.nutes the reaction mixture was treated dropwise with a solution of TEA (0.94 mL 6 76 

Zwed n io Lr ' f } T r 30 minU ' CS - At,er 3 Stirri " 9 31 • 45 ° C ,0r a furthGr 40 minules lhe reaction mixture was 
allowed o warm to room temperaiure and then diluted with DCM (30 mL). The diluted reaction mixture was washed 

Remol" I ! 0 ? I' N ' 300 mL) ' Wa ' er <15 ° mL) ' brine (150 mL > and dried ovef ^gnesium sulphate. 

50« II, L T? S S0 Jr' af, ° ,dCd Cmde Pr ° dUCl Whth Was Sub ^ c,ed ,0 colum " chromatography (silica ge.. 

W )t I \ « 40 60 ° Pe ' r0,eUm e ' her) ' R ° moval °* excess eluent a, "» ded *° Product 184 as an oi 

m 6 50 i JZtt t ?uT R l2?0 MHZ - CDC ' 3) dS/,ranS miX 8 7 50 - 7 ' 10 < m ' 8H >. 6 90 " 6 85 2H). 6.74 (s. 

2H ' HRMS .FAR. r .'h r S ' V ^'u ^ °° ^ 6H) ' 4 ' 70 " 4 - 2 ° (m ' " H) ' 3 98 (S ' 3H) ' 3 ' 9 °- 3 - 70 ^ 4H >' 3 - 10 2 80 
2H). HRMS (FAB) Calcd for C 32 H 33 N 2 0 7 (M+H) 557.2288; Found 559.2277. 

(11aS)-8-Ben 2 yloxy-7-methoxy-2-(4-methoxyben Z ylidene-1,2,3 > 1i a ,-tetrahydro-5^pyrrolo[2J- C ][14l 
benzodiazepine-5-one (1 85) 1 

S y^^^'P'^P* 11 '^^ Pyrrolidine and palladium letrakislriphenylphosphine were addaed sequentially to a 
s rrred soluaon ol substrate in dry DCM. The reaction mixture was allowed to stir a. room temperature under a nitrogen 

JZZTj e , , V WhiCH ,im ° TLC (50% ethy ' ace,ale and 50% 4 °- 60 ° PCroleum ether) revealed the complete 
consumpt,on of starl.ng material. The reaction mixture was evaporated to dryness and the resulting residue subjected 

lthv^.a,n U ^ T. ™!° 9raph * (silica 9 e '. 9radient elution: 30% ethy, acetate. 70% 40-60« petroleum ether to 70% 
ethyl acetate 30% 40 60« petroleum ether). Removal of excess eluent afforded the PBD (185) as a yellow glass that 
was reprecpualed from el hyl acetate with 40-60= petroleum ether 

l!? 3 ^ I!, rf 7 ° MH *- CDCI 3) ci ^ransmix 5 7.69 (d, 1H, J. 4.39 Hz). 7.52 (s. 1H). 7.46-7.30 (m, 5H), 7.20-7 16 

S£S5£S inj^ot 1 X 53 {bs ' 1H) ' 5 20 5 17 <rn - 2H) ' 452 ,m - 2H) ' 395 (s - 3H) - 3 90 - 3 75 (m - 
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Example 3 : Synthesis ot Compounds of formula III 

Overview ol Synthesis 

[0239] The Biaryl PBDs 136, 1 38 and 1 40 were obtained by removal ol the Troc protecting group from the protected 
carbinolamines 1 35, 137 and 139. For compounds 136 and 138 the deprotection method of Dong etal. was employed 
(Cd/Pb ammonium acetate butter), however, this approach could not be applied to the preparat.cn ot 140 as th.s 
molecule contained a nitro group sensitive to the Cd/Pb couple. In this case a novel deprotection procedure involving 
the use ot tetrabutyl ammonium fluoride was used. The protected biaryl carbinolamines were prepared by the Suzuki 
reaction the common 7-iodo substituted protected carbinolamine 134 was exposed to the appropriate boronic acid in 
the presence ol a palladium catalyst. This reaction is ol wide scope as over 70 boronic acids are commercially *™*ab\e. 
The iodo substituted protected carbinolamine 134 was furnished by Swern oxidation of the primary alcohol 133. The 
Swem procedure was particularly effective in this case but other oxidizing agents such as the Doss-Martin reagent 
TPAP or pyridine sulphur trioxide complex and DMSO could also be employed. The primary alcohol 133 was afforded 
by coupling commercially available pyrrolidinemethanol to the Troc protected anthranilic acid chloride obtamed by 132 
by treatment with oxalyl chloride. The Troc protected acid was in turn prepared by exposing the anthranilic acid 131 
to 2 2 2-trichloroethyi chlorolormate. Other protecting groups can be used In place of Troc such as Nvoc, Teoc and 
Fmoc'but care must be taken in choosing a protecting group as some groups such as Boc spontaneously form the 
isatoic anhydride when exposed to oxalyl chloride prior to the coupling slep. 

[02401 The 9-methoxy PBD (1 01) was prepared in an analogous fashion demonstrating the versatility of the approach^ 
[02411 The 8-amino PBD (151) was prepared by the removal of a Troc protecting group from the am.no subsisted 
protected carbinolamine ISO. The free amine was obtained by removal of an Fmoc protecting group under standard 
conditions (piperidine/DMF) from the protected carbinolamine 1 49. Swern oxidation of the primary alcohol 148 furnished 
149 in good yield, the substrate for oxidation reaction was prepared by Fmoc protection of the aniline 147. Reduction 
of the nitro compound 146, with tin chloride furnished Ihe aniline, hydrogenation could not be employed to reduce the 
nitro group as the Troc system does not withstand those conditions. The nitro compound 146 was prepared by he 
coupling ot the acid chloride derived Irom 145 with pyrrolidinemethanol in the presence of base. F.nally, the protected 
anthranilic acid 145 was furnished by exposing the commercially available 4 ni.ro anthranilic acid 144 to Troc Chloro- 

tSST The 8-benzyloxy-7.9dimcthoxy PBD (143, UP2022) was prepared by a slightly different approach which does 
not involve the use of anthranilic acid starting materials but proceeds through 2-nitrobenzoic acid intermediates. The 
PBD was obtained Irom the protected carbinolamine 142 by removal of the Troc protecting group under the usual 
conditions. The protected carbinolamine was furnished by Swern oxidation ol primary alcohol 141 which n turn was 
prepared by selective protection of the amino alcohol 1 26 as the Troc carbamate by exposure to Troc Chlerofonnate 
in the presence ot pyridine. The amino alcohol was obtained by reduction of the nitro compound 1 25 with Raney Nicke 
and hydrazine (again hydrogenation could not be employed due to the presence of a benzyl group). The nitro alcohol 
125 was prepared by coupling pyrrolidine methanol to the requisite 2-nitrobenzoic acid 124. This n.Uo benzoic acid 
was not commercially available and was prepared in four steps from the available syringe acd 87. Nrtral.oh J**, 
ester 122 was proceeded smoothly using Copper nitrate in acetic anhydride. The ester 122 was obtained by standard 

P>W3] The PBDs 96.113, 120 and 194 were obtained in an identical fashion Irom the 2-nitrobenzoic acids 19, 108, 

lm*n The' dimer 90 was prepared in an analogous lashion Irom the core nitro compound 85; the core was assembled 
by joining together two units ol the phenol 84 via Mitsonobu e.herifica.ion. The phenol 84 was denved from synngx: 
acid 83 in a three step synthesis, the crucial step being the nitration ot 82 which was performed with 70 A. nftrfc : acU 
[0245] The phenolic PBD 130 was prepared by an analogous route to that used for the synthesis ot the PBD 143 
however the requirement .o incorporate a phenolic group prompted the use ol a dilferenl protecting group Teoc_ The 
free PBD was obtained by treating the Tcoc protected carbinolamine 129 with TBAF in wanrn aceton.tr.le. The phenol 
129 was unmasked by the hydrogenolysis of the benzyloxy moiety of 128 in the presence of the Teoc P r °' ec W°"P 
(Troc would not survive under these conditions). The benzyloxy compound 128 was obtained by Swem ox.datlon of 
the primary alcohol 127 which was prepared by healing Ihe amino alcohol 1 26 with Teoc chlorolormate ,n the presence 
of base. 
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Example 3(a) : Synthesis of the C9/C9'-Dimethoxy PBD Dirner (90, DRH-165) (see Figure 15) 
[0246) 

5 



10 




O-Acetylsyringic acid (82) 

'5 [0247J A suspension of syringic acid 81 (10.0 g, 50.5 mmol) in acetic anhydride (30.0g, 27.7 ml_, 294.1 mmol) was 
warmed gently until a clear solution was obtained. Fused sodium acetate (0.5g, 6.10 mmol) was added to the solution 
which was allowed to stir for 16 hours at room temperature. The solution was poured into water (100 mL) and stirred 
thoroughly to ensure hydrolysis of any excess anhydride. Crude OAcetyl-syringic acid was recrystallized from water 
lo afford the product as an off-white powder (11 .2 g ( 46.7 mmol). H 1 NMR (270 MHz, CDCI 3 ) 5 7.36 (s, 2H), 5.94 (br s, 

20 1 H). 3.87 (s, 6H), 2.35 (s, 3H). HRMS calcd for 240.0634, found 240.0637 

4-Acetoxy-3,5-dimethoxy-2-nitrobenzoic acid (83) 

[0248] Fuming nitric acid (5.2 mL) was added, carefully to a solution of oacetyisyringic acid 82 (1 1 .1 g, 46.2 mmol) 
25 j n acetic anhydride (33 g, mmol) at 5°C and the reaction mixture was then allowed to stir for 3 hours at room temperature. 
The reaction mixture was poured over ice (300 mL) and the yellow precipitate was collected by filtration, washed with 
water (3 x 100 mL) and dried in vacuo to afford the product as a pale yellow solid (12.4 g). Hi NMR (270 MHz, CDCI 3 ) 
5 7.37 (s, 1H), 3.92 (s ; 3H), 3.90 (s, 3H) t 2.39 (s, 3H). 

30 Methyl 3,5-dlmethoxy-4-hydroxy-2-nitrobenzoate (84) 

[02491 A catalytic amount of DMF (5 drops) was added to a solution of oxalyl chloride (6.3 g, 49.8 mmol) and o- 
nitrobenzoic acid 83 (12.4 g, 45.2 mmol) in anhydrous THF (100 mL) and the reaction mixture aiiowed to stir at room 
temperature for 16 h. The resulting acid chloride was quenched dropwise with anhydrous methanol (100 mL) at 0°C. 
35 The reaction mixture was treated with potassium carbonate and allowed to stir at room temperature for 3 h. Excess 
solvent was removed by rotary evaporation at reduced pressure and the residue dissolved in water. The aqueous 
solution was acidified to pH 8 and the resulting white precipitate was collected by filtration, washed with water (2 x 1 00 
mL) and dried to afford the product as an off-white solid (10.6 g, 83%). H 1 NMR (270 MHz, CDCI 3 ) 6 1 0.07 (br s, 1H), 
7.26 (s, 1 H), 3.97 (s : 3H), 3.91 (s, 3H), 3.85 (s, 3H). 

40 

1\ 3 , -Bis(4-carboxy-2,6-dimethoxy-5-nitrophenoxy)propane (85) 

[0250] Diethylazidodicarboxylate (7.19 g, 41 .3 mmol) was added dropwise over 0.5 hours to a cooled, stirred solution 
of the phenol 84 (10.61 g, 41.3 mmol) andTPP (16.24 g, 61 .9 mmol) in anhydrous THF (100 mL), and allowed to stir 

45 for 1 h. A solution of 1 ,3-propanediol (1 .57g, 20.6 mmol) in THF (30 mL) was added dropwise and the reaction mixture 
allowed to stir for 16 h. The reaction mixture was then treated with IN aqueous NaOH (200 mL) and heated at reflux 
for 3 h. Excess solvent was removed by rotary evaporation under reduced pressure lo afford an aqueous suspension 
which was extracted with EtOAc (3 x 300 mL). The aqueous extract was acidified with concentrated HCI and the 
precipitate collected by vacuum filtration. The precipitate was suspended in water (500 mL) and after stirring for 10 

so minutes, the suspension was littered to afford the product as an orange solid (6.11 g, 60%). H 1 NMR (270 MHz, CDC! 3 ) 
8 7.32 (s, 2H), 4.36 (t, 4H,) t 3.92 (s, 6H), 3.90 (s, 6H), 2.20 (t, 2H). 

(2S)-1,1'-[[(propane-1,3H%l)dioxy^ 
[2-(hydroxymethylpyrrolidine] (86) 

55 

[0251] A catalytic amount of DMF (3 drops) was added to a solution of the acid 85 (6.1 g, 12.4 mmol) and oxalyl 
chloride (2.37 mL, 3.45 g, 27.2 mmol) in anhydrous DCM (60 mL) and the reaction mixture allowed to stir at room 
temperature for 16 h. The resulting acid chloride was added dropwise over 0.5 hours to a stirred solution of TEA (6.26 
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Z <« S »»«d N.HCO, ,3 , ,00 M. 0 > m ^ "J ~ "fS«3» • ,*» #~ »3» 
4H). 3.41-3.27 (m. 4H), 2.23-2.12 (m. 2H), 2.11-1.72 (m, 8H). 

(2S)-1 .r-IHP«»Pane-1 ,3-diy.)dioxy]bisl2.amino.3,5-dimethoxy-1 ^-pheny.enOcarbonylJJbis 
[2(hydroxymethylpyrrolidine] (87) 

l0 25 2] Hydrazine ( ,45 g .W. 9 r,mo^ 

40 mL) heated at reflux over Raney nickel (5 9. slurry). "^"^"^Z^ Raney nickcl . The filtrate was 
he reaction mixture was allewed to coo, and filtered through ce rte to «no« \*™Ue6™Lre< (2 x 100 mL). brine 
evaporated to dryness and disso,ved in DCM (200 mL) and he 0 rgan s^on w hed w< ^ ^ ^ 

3H), 3.83-3.46 (m, 14H), 2.20-2.13 (m, 2H), 1 .97-1 .66 (m, 8H). 

carbonyl)]bis[2-(hydroxymethylpyrro.idme] (88) 
(025 3, ^-W**--^ 

Lie over the space o, 0.6 hours to a solution of «^ ^ was diluted with DCM 

dry DCM (50 mL) and allowed to stir lor 16 hours at room te ^**J™ Q mL) and dried over anhydrous 
(200 mL) and washed with 1 N HC, (3 x 200 mL). H 2 0 (3x2* mUbjnjfl ^ -*J J- „ ,3 g) 

MgS0 4 . Purification by flash chromatography l>*«***-™™ ^l^Z 6.54 (2 x s 2H), 5.08-3.59 (m, 26H). 
H< NMR (270 MHz, COCI 3 ) Rolamers 8 9.21 and 8.40 (2 x br s, .iHj, 
3.33-3.30 (m. 4H), 2.04-1 .69 (m, 10H). 

1.1 , -nPropane-1,3- d iyl)dioxy]bisl(11J- 

1 ,2.3.10,11.11a-hexahydro-5H.pyrro>o[2.1-cK1 .4]ben 2 od.azepin-5-one. (89) 
[0254, Aso.uUono.dryDMSOOA.S^ 

oas,!rredso. U «onofoxaVch.oridcin DCM <7.38mmo. .^2"«^^ h ^ocM 
at-45°C.A,tcrs,irnng.oranaddi^ 

dropwise over 45 minutes a, -45°C and st.rredfor 45 — .^^^i^tomamttn^. 
over 30 minutes and stirred for a further 15 mmutes. 100 mU) , water (3 x 100 mL), brine 

Preparation of 10% Cd/Pb couple 
t 0 25 5, Ye,,ow,eado Xi de ( ,i^ 

las siowfy added to a vigorousty stirred suspension of Cd dust (A d ch, Wjjh. W 9 ; ^ ^ 

water (100 mL). The Cd darkened as Pb depos.ted on ,ls u. ace^a- d formed clun p ^ ^ ^ ^ 

a glass rod. The dark non-pyrophoric Cd/Pb couple was f.ltered. washed w.lh water, 
to storage and use. 

bcnzodlazepin-5-onc. (90) 
,0256, CadmiurrV-ead couple (3.8 mmo. Cd, 0.47 g o, CdVPb couple) was added to 
55 L (0.76 g, 0.8 mmo.) in THF (10 mL) and ,N NH,OAc ^^^^^^ fa vacuo afforded the 
was diluted with DCM (1 50 mL) and dned over M^* ™^ *™ e ™ P ° mjxIurc 0 , C 11/C1VR/S carbinolamines 
product as a yellow glass (0.32 g, 0.55 mmol. 71%). H 1 ?J ^'?^Jg ^ jjh, J - 9 Hz). 4.38-3.54 (m. 22H), 
8 7.08 (s, 2H). 5.53 (br s. 2H). 5.38 (br s. 2H). 4.90 (d. 2H. J - 9 Hz). «./*» to. 



30 1, W "e-1>*Y^ 



35 al 



50 
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2.27-1.79 (m, 10H). MS (FAB) m/o (relative intensity) 594 (M+2, 27%), 593 (M+1, 69%) 
Example 3(b) : Synthesis of the C7-Methoxy PBD (96, DRH-271) (see Figure 16) 



[0257] 




N-(3-Methoxy-2-nrtroben2oyJ)pyrrolidin-2-methanol (92) 

[0258] A catalytic amount of DMF (2 drops) was added to a stirred solution of 3~methoxy-2-nitro-benzoic acid 91 
(5.01 g, 25.4 mmo!) and oxalyl chloride (3.54 g, 27.9 mmol) in dry CHCI 2 (50 mL) under a nitrogen atmosphere. The 
reaction mixture was allowed to stir overnight, before being used directly in the preparation of 92. A solution of the acid 
chloride in anhydrous CHCI 2 {50 mL) was added dropwise over 1 hour to a vigorously stirred solution of pyrrohdinemelh- 
anol (2.57 g, 25.4 mmol) and TEA ( 6.42 g r 63.6 mmol) in anhydrous CHCI 2 (50 mL) under a nitrogen atmosphere at 
0 ft C and allowed to stir overnight at room temperature. The reaction mixture was washed with IN HCI (1 x 100 mL), 
H 2 0 (3 x 1 00 mL) and brine (3 x 1 00 mL). The organic layer was dried over anhydrous MgSQ 4r and evaporation of the 
solvent afforded a brown oil (6.37 g, 22.7 mmol, 89%). 

N-(2-Amtno-3-Methoxybenzoyl)pyrro«din-2-methanol (93) 

[0259] Hydrazine hydrate (4.37 g, 136.4 mmol) was added dropwise to a solution of 92 (6.37 g, 22.7 mmol) in gently 
ref luxing methanol (1 00 mL) over Raney nickel (2.4 g, slurry). The resulting vigorous evolution of hydrogen gas subsided 
after approximately 10 minutes and the reaction was deemed to be complete by TLC after 2 h. The reaction m.xture 
was tittered through celite and the solvent evaporated. Distilled water (100 mL) was added to the residue, and the 
aqueous mixture was extracted with EtOAc (3 x 100 mL) and washed with H 2 0 (3 x 100 mL) and bnne (3 x 100 mL) 
and dried over anhydrous MgS0 4 . Evaporation of the solvent afforded a brown glass (5.49 g. 21 .8 mmol) as a single 
spot by TLC. 

N-(3-Methoxy-2-((2\2\2'-trichloroethoxy)carbonylammobenzoyl)pyrrondin-2-rnethanol (94) 

[0260] A solution of 2 2 2-trichtoroethyl chloroformate (4.61 g, 21 .8 mmol) in distilled dichloromcthane (50 mL) was 
added dropwise over 0.5 hours to a stirred solution of the substrate. 93 (5.46 g, 21 .8 mmol) and anhydrous pyridine 
(3 44 g 43.5 mmol) in distilled dichloromethane (100 mL) at 0°C. The reaction mixture was allowed to stir for 2.5 hours 
at which time TLC showed reaction to be complete. The reaction mixture was diluted with anhydrous DCM (100 mL) 
and washed with IN HCI (2 x 200 mL), H 2 0 (200 mL), brine (200 mL) and dried over anhydrous MgSO A . Evaporation 
of the solvent afforded a brown oil which was purified by flash column chromatography eluting with EtOAc to afford the 
product as a yellow solid (6.14 g. 14.4 mmol); >H NMR (270 MHz, CDCI 3 ) o 1 .75-2.25 (m, 4H), 3.4-3.75 (m, 2H), 3.8 
(s 3H) 3 85-4 2 (m, 2H), 4.40 (m, 1H), 4.73-4.86 (m, 2H), 6.86-6.97 (m, 2H), 7.85 (br d, 1H,J- 9Hz); NMR (67.8 
MHz, CDCy 8 169.9, 155 6, 152.4, 128.2, 127.8, 123.6, 116.0, 113.0, 95.4. 74.4, 65.9, 60.9, 55.7, 51 .0, 28.3, 24.9. 

(11S f 11aS)-10-(2\2^-tri^ 
[2,1-cj[1 ,4]benzodiazepin-5-one(95) 

[0261] Anhydrous DMSO (3.14 g, 40.2 mmol) in dry DCM (25 mL) was added dropwise over 5 minutes to a stirred 
solution of oxalyl chloride (2.53 g, 9.96 mL of a 2 N solution in DCM) under a nitrogen atmosphere at -50°C. After 
stirring for 5 minutes, the substrate 94 (6.03 g. 14.2 mmol) in dry DCM (25 mL) was added dropwise over 45 minutes 
to the reaction mixture, which was thon allowed to stir for a further 45 minutes at -50°C after the addition of the substrate. 
Dry TEA (5.72 g, 56.64 mmol) was added dropwise to the mixture over 0.5 hours and the reaction mixture allowed to 
stir for a further 1 5 minutes. The reaction mixture was left to warm to room temperature and diluted with H 2 0 (1 00 mL). 
The organic phase was washed with IN HCI (2 x 200 mL). H 2 0 (2 x 200 mL), brine (2 x 200 mL) and dned over 
anhydrous MgS0 4 . The solvent was evaporated to afford a yellow oil (6.68 g). The oil was subjected to flash chroma, 
tography with EtOAc as eluent to afford the product as a yellow solid (5.87 g, 13.9 mmol); 1 H NMR (270 MHz, CDCy 
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14.2. 



7 ™thoxy-1.2,3/l1a-^ 

l0 262, 10%Cd,Pbcou P le(2.^^ 

a mixture of THF (30 mL) and IN NH40Ac (30 mL). Upon ^^^^^^^ over anhydrous 
showed the reaction to be complete. The react.on mixture was d by rotary evaporation 
MqS04. The solids were filtered and rinsed with BOAc <»^^ Y 
under reduced pressure afforded the product as a yellow solid (0.84 g, 3.6 mmol, 90 /o) 

F:nTr .. ^ ■ s y-th-te of the C7.Nethoxy PBDJ10 t> AG/140) (see Flg urelT) 



[0263] 



OMe 



20 



30 



50 



55 




3-methoxy-2-(2 , ,2\2'-trichloroethoxycarbonylamino)ben2oic acid (98) 
[02M1 ,amino.,me, h oxyben^a^ 

dichloromethane (30 mL). The resufting morture was coo.e and J™ h ^he7i HCI (IN. 50 mL). water (50 mL) 
reaction mixture was a.lowed to stir overnight a, room ^^'^^^Z .42 9 0« crude product, which 
and brine (50 mL). The organic phase was died over MgS0 4 and evaporated yie 
was used in the next step without further punl.cat.on. 

N.(3.methoxy-2-(2-,2^-trich.oroethoxycarbonylam i no)benzoy»)- P yrro. i d i ne-2-melhano.(99) 

t02651 Oxar,, ch.oride (0.57 mL, 6.58 mmo.) together with 2 drops on J, DJFj- ^^£^Z 
product obtained from the previous reaction in dry ^tor^ethane » wise , over 30 

mixture was allowed to stir at room temperature overn.ght. ™t^***f"'° mU 14 . 95 mm0 |) in dry dichlo- 
minu.es toasofution of W+yw**™^ 

romethane (20 mL) a. -16-C. Once coupling was complete the ^eact, a and brine (25 mL) . The 

and washed with 1 N HCI (2 x 25 mL), sa 8( ' ue0US ^^P^?' ^ yeMowoil" Ttie^riidc product was purified by tlash 
organic layer was then dried over MgSO, and evaporated to g.ve yelfow «L1 !.« P ^ 

chromatography (petroleum ether/ethyl ^>^»J^*"**\TwM (m. 4H); 4.22 (dd, J = 5.1, J 
d 1.6 - 1.8 (m, 1H); 1.81 - 2.0 (m. 2H); 2.02 - 2.21 (m 1 H); 34m H) 3.6 {m 2H , 3 ^ . , ^ j = 

= 12.3 Hz. 1H); 4.72 (d. J = 12 Hz. 1H); 4.79 (d. J = 12 HZJH 4*6 (CP • f ^ 75 . 3; 1117; 
7.5. J = 8.4 Hz, 1H); 7.36 (bs. 1H). «C NMR (67* MHz CDC £ 24 *» ^°.7 55.9 ^ . ^ g 

111.9; 119.1 . 122.3; 126.3; 132.9; 152.7; 170.3 IB Nu.o ); cm ' ™ 0 -™£™"£ (30) . 276 (35)i 2 45 (100), 1 76 

424.0359. [apo " " 45 - 1 ° 0 63 " CHCl 3 ) - 
pyrrolo [2,1-c][1,4] benzodiazepin-5-one (100) 

(0266] A^» 1 ,n.,DMSO ( 0.«6-.663^ 1 ,»o,d : ^ r= 
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over 1 hour. Following the end of addition the mixture was allowed to stir at -45° C for 60 minutes, than a solution of 
TEA (1 .31 mL) in dichloromethane (6 ml_) was added drop wise and the mixture was allowed to warm to room tem- 
perature. The reaction mixture was washed with water (50 mL), 1N HCI (2 x 25 mL), satd. aqueous NaHC0 3 (2 x 25 
mL), and brine (50 mL). The organic solution was dried over MgS0 4 and evaporated. The crude product was purified 

5 by Hash chromatography (silica gel EtO Ac/petroleum ether 1/1) to give a colourless oil (0.64 g, 63%): 1 H NMR (270 
MHz, CDCI 3 ) 5 2.01 - 2.15 (m ( 4H); 3.43 - 3.58 (m, 2H); 3 73 (m, 2H); 3.83 (s, 3H); 4.35 (d, J= 12, 1H) ; 4.98 (d, J = 
12, 1H); 5.66 (dd, J =3. 8, 9.6 Hz, 1H); 7.02 (dd, J = 2.2, J- 7.5 Hz, 1H); 7.35 (m ; 2H). 13 C NMR (67.8 MHz, CDCI 3 ) 
5 23.0; 28.6; 46.2; 56.1 ; 59.9; 75.3; 86.2; 94.8; 113.4; 120.2; 123.1 ; 129.4; 134.9; 154.7; 155.4; 166.7. IR (Nujol): cm 1 
3291 , 2924, 1724, 1616 8 1580, 1463, 1318, 1278, 1075, 945, 812, 739. MS: m/e (relative intensity) 422 (M-1 , 40) : 387 

'0 (3), 275 (10), 245 (15), 217 (10), 176 (100), 150 (8), 120 (6), 70 (95). HRMS Calculated for C 16 H t 7Cl 3 N 2 0 5 : 422.0202. 
Found: 422.0203. [apV + 136.5° / • 0.19, CHCI 3 ). 

(1 1 aS)-9-methoxy-1 ,2,3,1 1 a-tetrahydro-5H-pyrrolo[2,1 -c][1 ,4]benzodiazepin-5-one (1 01 ) 

'5 [0267) Finely ground Cd/Pb couple (1 .02 g). was added in small portions to a stirred solution of 100 (0.64 g, 1.51 
mmol) in THF (10 mL) and 1M NH 4 OAc (10 mL). The reaction was followed by TLC (EtO Ac), when no more starting 
material was observed, the mixture was poured into ethyl acetate (200 mL). The organic phase was dried over MgS0 4 
and evaporated to yield the product as a pale yellow oil (0. 28 g,80%): 1 H NMR (270MHz, CDCl 3 ) 52.15 (m, 4H);3.52 
(m, 2H): 3.87 (s, 3H): 5 15 (m, 1H) ; 6.8 - 7.2 (m, 3H); 7.8 (d : J= 4.7 Hz, 1 H, imine H11). IR (Nujol): cm 1 3373, 2975, 

20 1621 , 1576, 1440, 1419, 1250, 1075, 750. MS: m/e (relative intensity) 230 (M + -, 100), 215 (45), 201 (20), 187(5), 160 
(5), 146 (4), 133 (20), 105 (10) : 76 (25), 70 (45) : 63 (3), 51 (3). HRMS Calculated for C 13 H 14 N 2 0 2 : 230.1055. Found: 
230.1055. [a]% = + 455.3° (c - 0.6, CHCI 3 ). 

Example 3(d) : Synthesis of the 7,8-Dimethoxy PBD (106, AG/1Q5)(see Figure 18) 

^ , „ _ _.. „ - - — - - - ----- — 

[0268J 



30 




35 

4,5-dimethoxy-2-(2' T 2 , ,2 , -trichloroethoxycarbonylamlno)benzoic acid (103) 

[0269] A solution of Troc-CI (0.76 ml. 5.56 mmol) in dry dichloromethane (10 mL) was added dropwise to 2-amino- 
4,5-dimethoxybenzoic acid 102 (1 g,5.lmmol) and pyridine (0.82 ml, 10.1 mmol) in dry dichloromethane (20ml)at0°C. 
40 The reaction mixture was allowed to stir overnight at room temperature and then washed with dilute HCI (1 N, 2 x 2 5 
ml), water (2 x 25 ml) and brine (20 ml). The organic phase was dried over MgS0 4 and evaporated to yield of crude 
product (1 .6 g), which was used in the next step without further purification. 

N-(4 1 5-dimethoxy-2 , -(2 M t 2' , ,2 ,, -trichloroethoxycarbonylamino)benzoyl)-pyrrolidine-2-methanol (104) 

45 

[0270] Oxalyl chloride (0.38 mL, 4.33 mmol) was added to the crude Troc-protected amhranilic acid, prepared in the 
previous reaction., together with 2 drops of dry DMF in dry dichlorome thane (30 mL). After initial strong effervescence, 
the mixture was allowed to stir at room temperature overnight. The resulting acid chloride was added dropwise. over 
30 minutes, to a solution of 2S-(+)-pyrrolidinemethanol (0.44 g, 4.33 mmol) and TEA (1.37 ml, 9.85 mmol) of dry 

50 dichloromethane (1 5 mL) at -1 6°C. The reaction mixture was diluted with ethyl acetate (20 mL), and washed with dilute 
HCI (1N, 2 x 30 mL) ; satd. aqueous NaHC0 3 (2 x 30 mL), water (30 mL) and brine (30 mL). The organic layer was 
then dried over MgS0 4 and evaporated to give a yellow oil. The crude product was purified by flash chromatography 
(petroleum ether/ethyl acetate * 50/50) to yield the product (1 .2 g, 70%) as a pale yellow oil: 1 H NMR (270 MHz, CDCl 3 ) 
6 1.75 (m, 2H); 1.92 (m, 1H); 2.17 (m, 1H); 3.53 (m, 2H); 3.72 (m, 1H); 3.86 (s, 3H); 3.93 (s, 3H); 4.19 (m, 1H);4.43 

55 (m, 1H); 4.77 (d, J- 12 Hz. 1 H); 4.85 (d, J= 12 Hz, 1 H); 6.85 (s, 1H); 7.69 (s, 1H); 9.08 (bs, 1H). 13 C NMR (67.8 MHz, 
CDCI 3 ) 0 25.1; 28.2; 51 .4; 56.0; 56.4: 60.8; 65.9; 74.4; 95.3; 104.7; 110.7; 116.3; 130.8; 144.4; 151.0; 152.1; 170 4. 
MS: m/e (relative intensity) 454 (M-1, 5), 356 (3), 306 (10), 275 (5), 206 (100), 179 (15), 150 (10), 136 (3), 70 (45). 
HRMS Calculated tor C 17 H 21 C 13 N 2 0 6 : 454.0465. Found: 454. 0464. [aJ 25 D = - 72.2° (c= 0.18, CHOj). 
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pyrrolo l2,l-c]I1 .4] benzodiazepin-5-one (105) 

allowed to stir a. -45«C for 60 minutes, and then treated w„h a solo -on o™£2£> JSteSS was 

« r 11 ^ !i ? 7 ;?5 6 148 6 150 8- 154 5' 167.0. MS. m/e (relative intensity) 452 (M-1, 30), 424 (7), 

5 SfiST^S (S ^(loHsO (10) 70 000). HRMS Calculated tor C t7 H 19 C, 3N2 0 6 : 452.0308. Found: 
452.0309. |aP D - + 104.7* (C= 0.27, CHCI 3 ). 

{11a SV7.e-d i methoxy.1,2.3,11a-tetr a hydro-5H.pyrro»o[2.1-cl(1,4]benzodia Z epin-5- 0 ne (106, AG/105) 
?0 [02721 Finely ground Cd/Pb couple (3.12 g) was added portion wise to a solution ol 105 (1 g. 2.2 mmol) THF (10 

mixture was poured into ethyl acetate (400 mL). The organc phase was dned oyer M ^*J™™^™ ' 
the crude product, which was puri.ied by tiash chromatography (EtOAc) Z JZl 72 m 1^ 3 79 

25 oil ,0,5 g. 78%): * NMR (270 MH, CDCy 8 2.08 (nv 2H); 2» <r» H); 3.63 ■ .6 £ 1* 3£ (m. 1H 

u J 1453 1263 1217 1010 908, 735. MS: m/e (relative intensity) 260 (M+-, 100). 245 (50). 231 (25), 

2Um% IS. 1^36 (4. ^'(5). 93 (8). 70 (10). HRMS Calcutated tor C 14 H, 6 N 2 0 3 : 260,160. Found: 
30 260.1161. (a1 25 D = 4- 1004.7" (C = 0.17. CHCy. 

Example a W : Synthesis of the 6 7 8-Trimethoxv PBR (113 0RH-NA7) (see Figure 19) 



[0273] 



35 



40 




45 2 J 3 1 4-Trimethoxy-6-nitrobenzoic acid (108) 

[0274, 2,3,Mrimemoxyben<o fc acid107^ 

acid a 0"C lor 30 minutes. The reaction mixture was poured into cold water (1250 mL) and stm ng w« "™ n " 
30 m utesThereactionmixturewas extracted wnhE.OAc (2 x 200 mL) and the combined orgamc^ 
so IT:: 2 x 200 mL) and dried over anhydrous MgS0 4 . Evasion o, excess ^"^f^^fiS, 
as a pure white crystalline sotid (18.67 g, 60%): R,= 0.5 ( S .hca, EtOAc); IR (nujo 2922 1713, 61 8 1 57 . 
1401 1308. 1246^ 1168. 1111, 1028, 920. 852, 789, 773. 728, BBS . c*r VH NMR (270 MHz CD C« 5 77S ( 
4.0 (3H. s), 3.95 (3H, s). 3.90 (3H, s); «C NMR (67.8 MHz, CDCI 3 ) 6 166.0, 153.2. 150.1 , 147.79, 139.6. 120.8, 
62.2, 61.1, 56.5; MS (El) m/z 258 (M+1), 240, 214. 

55 

N-(2-Nitro-4,5.6-trimethoxybenzoyl)pyrro1idlne-2-methanol (1 09) 

[0 275, A catalytic quantity o. DMF (2 drops) was added to a stirred solution o. 108 (10 g. 38.9 mmol) and oxatyl 
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10 



25 



30 



35 



40 



45 



chloride (5.87 g, 46.2 mmo.) in dry CHCI 2 (1 00 mL) under a nitrogen atmosphere. The reacon mature was allowed 
,o stir overnight and the product was used directly in the next stage of the reaction. The newly '«^»^omte 
was added dmpwise to a stirred so.ution ot pyrrolidinemethanol (3.92 g. 38.8 mmol) and anhydrou ^nethylam, e ^4 
mL, 9.8 g,97.0mmol)inanhydro U sDCM (50 mL)a,0«C U nder nitrogen. Once theaddmon was «^^™*™ 
mixture was let. to warm to room temperature and left to stir overnight. The reaCon m.xture ^ 
(1 00 mL), water (1 00 mL), and brine (2 x 1 00 mL). The combined organ* layers were dned <MgSO£ and the solvent 
was removed /„ vacuo .o afford 109 (12.1 g. 91%) as a pa.e yel.ow oH: R,= £** a <*f.g* £™ ^ 
n 1 nrMV IR (nealt 3400 3105 2947 2878, 1652. 1568, 1538, 1455, 1348, 1250. 1195, 1115, 975, 922, 849, 822 
92, .XLS IS, (270 MHz. CDC, 3 ) 5 7,9 (1 H, s), 4.46 (2H^= ^ZS^cS 
c n <±m q H <s\ ^89(3H n 3 46-3 29 (2H m). 2.24-2.17 (2H, m), 2.00-1 .84 (2H, m); 13 C NMR (67.8 MHz, CDC^, 
rotariri) 1 M £.7 1 6 S \53 3^49 S ff, , 138.8, 122,! 104.1. 66 4, 65,, 62.4, 62.3, 61 .3, 56.6. 49.2, 49.0, 28.7 
24.3; MS (El) m/z 341 (M+1), 324, 309, 293, 277, 264, 254. 

N-(2-Amino-4,5,6-trimethoxybenzoyl)pyrrolidine methanol (110) 

I02761 Hydrazine hydrate (5.67 g, 177.2 mmol) was added dropwise to a solution of 109 (12.1 g, 35.47 mmol) in 
Sre2tg methanol ,142 mL^ over Raney nlcKe, (3.45 g, slurry). The msulling 

gas subsided aner approximately 10 minutes and the reaction was deemed to be complete by TLC ^ h - ™ 
feaCion mixture was filtered through celite and the sotvenl evapo.a.ed. Distilled water (200 mL) was added to the 
residue! and the aqueous mixture was extracted with DCM (2x 10OmL) an ^ theCOT ^' ne ' ( ^ nl0 ^^^*!^jgj^l!Q 
H 2 0 (3 x 100 mL) and brine (3 x 100 mL) and dried over anhydrous MgSO, Evaporate o he solvent aff^ded 110 
(11 .24 g) as ayellow oil. R,- 0.14 (silica, EtOAc); t al« « D = + 100° (c - 0.1, W W cm 1 ^££££k 
9843 1614 1498 1463 1428 1410, 1365, 1339, 1240, 1199. 1123, 1078, 1039, 997, 915, 817, 731 , 646 H NMR 

"oVhTcdcIS 

2H m) 1 87-1 82 (2H m) ''C NMR (67.8 MHz. CDCI 3 ) 6 168.8, 154.7, 150.9, 149.6, 140.6. *f f 5 ' 61 *' 

61 4. 61.3. 61 .1 49 2, 28.6, 24.4; MS (El) m/z 310 (M*), 279. 229, 210, 194, 180, 149, 124. 102, 83. 70, 57. 

N-(2-[2^',2-.TrichloroethoxycarbonylaminoH,5,6-trim e thoxybenzoyl)pyrrolidine-2.meth a nol(111) 

r02771 A stirred solution of 110 (11 .24 g. 36.3 mmol) in DCM (150 mL) and pyridine (5.86 mL. 5.73 g. 72,mmol) 
Sated d r P wise w*h 2 2 2-trichloroe.hy.chloroformate (5 mL. 7.61 g. 35.9mmol) in DCM (50 mL) under a mtrogen 
Z££?!££iZ after the addition o, 2.2,2-,richloroe.hy. ch.oro.ormate the reaction mrxture ^was d.luted 
with DCM (tOOmL) and washed with , I HC, (lOOmU, water -j : x ,50 ^^^^^^ 

^43^^^^ 

73 S, IS. 609 58 7 St H " 7 9, 27,, 23.7; HRMS (FAB) calcd lor C 18 H 23 N 2 0 7 C b (M -) 484.0571 lound 484.0944. 

6,7,8-TrimethoxH0.(W^r^ 
benzodiazepin-5-one (112) 

W2781 A solution o. oxalyl chloride in DCM (22.3 mL o. a 2N solulion. 44.7 mmol) diluted with anhydrous DCM (42 
mu at - 45"C wa ueSdropwise with a solution o. anhydrous DMSO (6.39 mL. 90.2 mmol) ,n anhydrous DCM 
H6 24 mL> oveTa period of 15 minutes. The reaction mixture was stirred a. -45°C tor 15 minutes and treated w th a 
otS TouH 16-Tg t .7 mmo.) in dry DCM (34, mL) and stirred at -45'C .or 45 minute, Tdethylamme 077 
mL, 127.1 mmo.) was added dropwise to the reaction mixture over 0.5 The organic 

minutes. The reaction mixture was allowed to warm to room temperature and d ire was 
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6 7 *T rim e«hoxy-1^0.11^^^ 

[027 9, ^Cd/PbcoupMa^g.ao.emmo.C^^^^ 

U nJj and IN NH 4 OAc buffer (20 mL) and I « « «jn Ha S brine (2 ■ 100 mL) and dried 

EtOAc (200 ml) and washed wt.h water (2 x 1 ^ as a ye ,.ow g.ass: R, = 0.1 (silica. EtOAc); 

(MgS0 4 ). The solvent was removed in ° 9£ 16 14 1455 1428, 1392. 1359, 1275, 1245, 1203. 
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3A5-Trimethoxy-2-nitrobenzoic acid (115) 

^ /0/ iq7n n 9 9 mmol) was added to a 5% solution of KOH (18 g) 

(0281] Methyl ^J^^^ S2rT«on 61 the solvent afforded a grey residue, 

n MeOH (357 mL). The mixture was heated at reflux fo ^ t0 pH1 with concentrated HCI. and 

which was dissolved in H 2 0 (200 mL) The resu log l~ Q mL), brine (3 x 100mL) and dried 

extracted with CHC» 3 (3x100 mL) . The organ, ^erjas ™ [ sM (20 67 g> 80 . 4 

over anhydrous MgSQ 4 . Filtration and * va P°*\ w ^^^ HhW 4 (s 1H), 12 4 (br s, 1H). 
mmol): NMR (270 MHz, CDCI 3 ) 6 3.9 («, 3H), 4.0 (s, 3H). 4.1 (s, 3H). 7.4 (S. ), 

N .(2-Nitro-3,4,5-trimcthoxyben2oy«)pyrrolidine-2-methanol (116) 

[02821 ^ amount of DMF (2 drops^as add^tea ^^^^Z^Zl 
chtoride (1 .40 g. 11 -) in dry CH.Ct, ^"^^^^m CH 2 C, 2 (40 mL) was added drop- 
overnight, the resulting solution of the ac.d chlondo. <2.78 gJOmmoj n a y 2 TEA (2.52 g. 25 mmol) 
wise over 1 hour to a vigorously stirred soluUon ol P^^^ 0 sllr ov ' erni g h , a . room temperature, 
in anhydrous CH 2 C. 2 (40 mL) under "^fig^ J NaOH (1 TsO mL). H 2 C (3 x 50 mL) and brine (3 x 50 
The reaction mixture was washed with IN HCI (1 x 50 mL). in rwu t < B.3 mmol): 
mU and dried over anhydrous MgS0 4 . oration and 

N-(2-Amino-3,4,5-trimethoxybenzoyl)pyrrolidine-2-methanol (117) 

t02 B3, Hydrazine hydrate (1 .33 mL, 41 * dropwjse to a , solujfcn oM16 ^ 83 mmol) in 

methano. (142 mL) gently re.luxing over Rancy n.cke. (500 mjj ^JJb bc 9 completc by TLC after 2 h. The 
gas subsided after approximately 10 minutes and the oac tor wf)S added t0 lhe 
faction mixture was fiitered through ^ - ^SE^^E ^ ~!2 

residue, and the aqueous mixture was extracted with EtOAc (3 x luu j , , he solven , att0 rded 

with H 2 G (3 x 1 00 mL) and bdne (3 x 1 00 mL) ^ZZZ^TcZ^ O^ 3H), 2.1 -2.2 ,m, 1H, 3.4-3.7 
lhe product (2.18 g. 6.5 mmol) as a brown o t H MMR (270 MHz. CDC,) ^ ^ ^ ^ ^ , 
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N^^Trichlorocthoxycarbonylamino^^^trimethoxybenzoyOpyrrolidine-a-methanol (118) 

[0284] A solution of 2,2 r 2-trichloroethy!chloroiormate (1 .37 g, 6.5 mmol) in distilled dichloromethane (40 mL) was 
added dropwise over 0.5 hours to a solution of anhydrous pyridine (0.93 g : 11.8 mmol) and the substrate. 117 (1.82 
q 5 9 mmol) in distilled dichloromethane (60 mL) at 0 C C. After 1 .5 h. the reaction mixture was diluted with anhydrous 
DCM (1 00 mL) and washed with 1 N HCI (2 x 1 00 mL), H 2 0 (1 00 mL) : brine (1 00 mL) and dried over anhydrous MgS0 4 . 
Evaporation of the solvent yielded a brown oil which was purified by flash column chromatography eluting with 1% 
MeOH/ 99% CHCl 3 to afford the product as a yellow oil (1 .83 g, 3.8 mmol): 1 H NMR (270 MHz, CDCI 3 ) 5 1 .6-1 .9 (rn, 
3H) 2 1-2 2 (m, 1H), 3.3-3 6 (m, 2H), 3.6-3.85 (m, 2H). 3.8-3.9 (m, 9H), 4.2-4.3 (m, 1H), 4.7-4.B (br s, 1 H), 4.8 (s, 2H), 
6.6 ( Sj 1H); 13 C NMR (67.8 MHz, CDCI 3 ) 5 1 69.9 : 153.2, 151 .9, 143.1 1 128.5, 120.1 , 105.2, 95.3, 74.6 ; 66.3, 61 .2, 61 .2, 
61.0.56.3,50.6, 28.7, 24.6. 

(1 1 S/l 1 aS)7,8,9-trimethoxy-1 1 ^ 
pyrrolo[2,1-c][1,4J benzodiazepin-5-one (119) 

[0285] Anhydrous DMSO (3.15 mL, 44.3 mmol) in dry DCM (8.2 mL) was added dropwise over 20 minutes to a stirred 
solution of oxalyl chloride (2.79 g, 11 .0 mL of a 2N solution in DCM; 22.0 mmol) in dry DCM (20.6 mL) under an inert 
atmosphere at -45°C (varied between -38* and -48°C). After stirring for 15 minutes : the substrate (7.59 g ; 15.6 mmol) 
in dry DCM (17 mL) was added dropwise over 45 minutes to the reaction mixture, which was then stirred for a further 
45 minutes at -45°C after the final addition of the substrate. Dry TEA (4.84 g, 48.0 mmol, 4 eq) was added dropwise 
to the mixture over 0.5 hours and stirred tor a further 15 minutes. The reaction mixture was allowed to warm to room 
temperature and the reaction mixture diluted with H 2 0 (80 mL). The organic phase was separated, washed with brine 
(2 x 100 mL) and dried over anhydrous MqS0 4 . The solvent was evaporated to afford the product as an off -white solid 
(4 39 g 9 1 mmol) 1 H NMR (270 MHz, CDCl 3 ) 6 1 .95-2.2 (m, 4H), 3.4-3.8 (m, 2H), 3.8-3.9 (m, 9H), 4.05 (d, 1H), 4.6-4.8 
(dd 2H) 5.6-5.7 (q. 1H). 7.1 (s, 1H); 1 *C NMR (CDCI3) rotamers o 166.7, 166.5, 155.2, 153.5, 153.3, 150.0, 144.5, 
129.5. 129.0, 121 .7, 1 06.4. 1 06.2, 94.6, 86.1 , 85.9, 75.7 75.2 : 61 .5, 61 .3, 60.9, 60.1 59.8, 56.2, 56.1 , 46.5, 46.3, 28.7, 
286.23.0. 

7,8,9Trimethoxy-1,2,3,11a-tetrahy (120, DRH-69) 

[0286] 1 0% Cd/Pb couple (1 .25 g. 1 0 mmol Cd) was added to a rapidly stirring solution of the Troc-carbarnate, 119 
(1 OOg 2 1 mmol) in a mixture of THF (13mL)andlN NH 4 0 Ac ( 8 mL). Upon addition, the re action mixture went cloudy. 
After 40 minutes TLC showed the reaction to be complete and the reaction mixture was diluted with EtOAc (200 mL). 
The solution was dried over anhydrous MgS0 4 and the solids were filtered and rinsed with EtOAc (50 mL). Evaporation 
of the solvent yielded the product as a yellow glass (0.581 g, 2.0 mmol). 1 H NMR (270 MHz, CDCI3) 0 7.73 (d, 1H. J 
= 4.57 Hz). 7.08 (s. 1H), 4.0-3.4 (m, 12H), 2.4-1.8 (m, 4H) 

Example 3(g) : 8-Hvdroxy-7,9-dimethoxy-1 .2,3,1 1 a -tetrahvdropvrroto[2 ,1-c1[1,41benzodiazepin-5-one (130, 
DRH-168) (see Figure 21) 

Methyl 4-hydroxy-3,5-dimethoxybenzoate (121) 

[0287] Concentrated sulphuric acid (3 mL), was added dropwise to a solution of 81 (20.24g, 102.1 mmol) in refluxing 
methanol (70 mL). The reaction mixture was heated at reflux for a further 5 hours and then cooled to room temperature 
and concentrated to a third of its original volume. The concentrate was poured onto crushed ice (c. 1 50 mL)and allowed 
to stand for 30 minutes. The aqueous mixture was extracted with ethyl acetate (3 x 100 mL) and the combined organic 
phase washed with distilled water (3 x 100 mL), brine (3 x 100 mL) and dried over anhydrous MgS0 4 Removal of 
ecxess solvent under reduced pressure afforded the product as a yellow solid, 1 21 (1 8.39 g. 86.7 mmol; ! H NMR (270 
MHz, CDCI 3 ) 5 3.9 (s, 3H), 3.95 (s, 3H), 3.975 (s, 3H), 6.1 (s, 1H>, 7.3 (s, 2H); «C NMR (67.8 MHz, CDCt 3 ) 5 166.9, 
146.6, 139.2, 121.0, 106.6, 56.4,52.1. 

Methyl 4-Benzyioxy-3,5 dimcthcxyhenzoate (122) 

[0288] Benzyl chloride (11 .04 g, 86.9 mmol) was added to a stirred solution of 121 (19.22 g, 90.8 mmol) over K 2 CO a 
(6 59 g 47 7 mmol) in anhydrous MeOH (1 75 mL) and the mixture was heated at reflux for 12 h. Excess solvent was 
removed under reduced pressure and the residue was extracted with benzene (3 x 100 mL). The organic layer was 
washed with H 2 0 (3 x 100 mL), brine (3 x f 00 mL) and dried over anhydrous MgS0 4 . Evaporation of the sotven 
afforded an orange oil which crystallised on standing. The solid was redissotved in EtOAc. and briefly washed with 1N 
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NaOH (100 mL) H 2 0 (100 mL). brine (100 ml) and dried over MgS0 4 . Evaporation of excess solvent yielded 1 the 
pic! as *t L 2 so.L 122 (1 9.20 g. 63.6 mmol): 1 H N MR (270 M^™*^ £ f ^ 

5 1 (s, 2H). 7.3-7.5 (m, 7H); «C NMR (67.8 MHz, CDCI 3 ) 5 166.7. 153.2, 140.8, 137.3, 128.7. 128.6. 12B.4, 1ZB.4, 
128.2. 128.0. 127.7, 125.3, 106.7. 74.9, 56.1. 52.2. 

Methyl 2-nitro-4-benzyloxy-3,5-dimethoxybenzoate (123) 

[02891 Finely ground copper nitrate (Cu(N0 3 ) 2 . 14.79 g, 78.7 mmol) was added portionwise to a ^^J^o 
Son of the substrate (19.00 g, 62.9 mmol) in acetic anhydride (120 ml) whilst keeping the reaction temperature 
mtorf w« stirred for 1 hour and then poured over ice ^'^^^Z 
le!t to stir for 1 hour and the produc. co.tec.ed by filtration to afford a , yel. ow solid (1 B7 g bJH NMR 270 MHz CDC« 

6 3 85 (s 3H), 3.95 (s, 3H), 3.96 (s, 3H), 5.19 (s, 2H). 7.3-7.5 (m. 6H); NMR (67.8 MHz, CDCI 3 ) 6 163.2, 154.J, 
146.0, 145.2. 136.2, 128.7, 128.5, 128.4, 128.3, 117.8. 108.52, 75.5, 62.7, 56.5, 53.0. 

2-Nitro-4-benzyloxy-3,5-dimethoxybenzoic acid (124) 

[0290, Potassium hydroxide (10.84 g, 193.6 mmol) was added to a stirred ^^^^^^^ 
mmol in anhydrous methanol (220 mL) and the reaction mixture healed at reflux (or 2 h. The reaction mrclure was 
Zwed .0 CoS and to P H2 with IN HC. and cxtrac.ed with chloroform (3 x 100 mL). The contaned organc 

by rotary evaporation under reduced pressure afforded the product as a yellow sol d (17.01 g, 51.1 mmol, 95 A). H 
NMR (270 MHz, CDCI 3 ) 5 3.9 (br s, 3H), 3.9 (br s, 3H), 5.1 (br s, 2H), 7.2-7.5 (m. 6H). 

N-(4-Benzyloxy-3,5-dimethoxy-2-nitrobenzoyl)pyrrolidinc-2-methanol (125) 

[0291] A ca,a.y« te amount of DMF <5 drops) was added to a stirred solution of 124 V*»»^J?JZ» 
chloride (4.65 g 36.0 mmol) in dry CH 3 CN (11 5 mL) under a nitrogen atmosphere. The re*Z ,on ^T^S 
■os,ovU?a n d,he Tr ^ 

a, 0»C under a nitrogen atmosphere and the reaction mixture was allowed to st,r -^SSS 
reaction mixture was washed with IN HCI (2 x 100 mL). and the organic layer 

mL). brine .2 x 1 00 mL) and dried over anhydrous MgSO, Evaporation of thai ol vent y* **«**™f ^ J 

142.3, 136.4, 136.0, 129.0. 126.5, 128.4, 104.8, 75.6, 65.7. 62.8, 61 .4, 56.6. 50.2. 28.3. 24.5. 
N-(2-Amino-4-Benzyloxy-3,5-dimethoxybenzoyl)pyrrolidine-2-methanol (126) 

r02921 Hydrazine hydrate (2 31 g.72.2 mmol) was added dropwise to a solu.ion of 125 (6.01 g, 14.4 mmol) , hmaj 
anolomT^ 

after acoroximately 10 minutes and the reaction was deemed to bo complete by TLC after 2 h. The reaction mixiu 
was .£2Z Zcele and (he solvent evaporated. Distilled water (100 mL) was added I to ^ -,due and e 
aqueous mixlure was extracted with EtOAc (3 x 1 00 mL) and the combined organic ^^X^^ 
ml) and brine (3 x 100 mL) and dried over anhydrous MgS0 4 . Evaporation of he so ^nialtaje d «h produ c 



14.2. 



N-(4-Bcnzy.oxy-3 ) 5-d i methox y .2-[(2--trimet h ylsiVlctho XV )carbony.Bmino[benzoy.)pyrro.id i ne-2-me1h a no. 



(127) 



[0293] A so.u.ion of anhydrous pyridine (0.21 g. 2.6 mmo.) in anhydrous DCM (10 ml) was added dropw.se ov r 15 
minutes to a stirred solution of 2-(.rim e ,hy.sily.)e.hano, (0.92 g, 7.8 mmo.) and tnphesgene 077g 2.6 •<™*£" 
hydrous DCM (30m..). The reaction mixture was allowed to stir overnight and the resulting solubo of 
eCchtorolormaie added dropwise over 0.5 hours to .he amine 126 (1 .98 g. 5.1 mmo.) and anhydrous pynd ne 1*2 
ft 5 4 ISTn «d dicbLmemane (70 mL) a, 0-C. The reaction mixture was allowed to st.r ovemigh, a. room 



71 



EP 1 193 270 A2 

temperature diluted with anhydrous DCM (100 mL), washed with IN HCI (3 x 100 mL), H 2 0 (3 x 100 mL), brine (3 x 
1 00 mL) and dried over anhydrous MgS0 4 . Filtration and evaporation of the solvent yielded the product as a colourless 
glass (1.43 g. 2.7 mmol. 53%): 'H NMR (270 MHz, CDCI 3 ) 6 -0.05 (s, 9H), 0.94-0.99 (m. 2H). 1.66-2 12 (m. 4H) 
3.32-3.54 (m, 2H). 3.74-3.83 (m, 8H). 4.05-4.22 (m. 3H). 4.69 (br s, 1 H), 4.97 (s. 2H), 6.57 (s 1H) 6.64 (br s 1H). 
7.23-7.43 (m.5H); 13 C NMR (67.8 MHz, CDCI 3 ) 5 170.1 , 155 1, 151.4, 148.1 , 142.0, 137.1, 128.4, 128.3, 128.1, 121.2. 
105.6, 75.3, 66 1, 64.0, 61.3, 61.0, 56.3, 50.6, 28.7, 24.7 17.6, -1.5. 

(11S,11aS)-8-benzyloxy-7,9-dimethoxy-11-hydroxy-10-N-(2^trimethy1silylethoxycarbonyl)-1 l 2,3 ( 10,11,11a- 
hexahydro-5H-pyrrolo[2,1-c]t1,4] benzodiazepin-5-one. (128) 

(0294] Anhydrous DMSO (0.57 g, 7.2 mmol) in dry DCM (5 mL) was added dropwise over 30 minutes , to a stirred 
solution of oxalyl chloride (0.46 g, 3.6 mmol) in dry DCM (5 mL) under a nitrogen atmosphere at -45°C. After s hrnng 
for 15 minutes, the substrate (1.35 g. 2.6 mmol) in dry DCM (15 mL) was added dropwise over 45 m.nutes to the 
reaction mixture, which was then stirred for a further 45 minutes al -45°C. TEA (1 .0 g, 10.2 mmol) was added dropwise 
l0 me mixture over 0.5 hours and stirred for a further 15 minutes. The reaction mixture was left to warm to room 
mmperature and diluted with H 2 0 (100 mL) and the phases separated. The organic phase was washed with IN HC 
(3 x 50 mL), water (3 x 50 mL). brine (3 x 50 mL) and dried over MgS0 4 . Filtration and evaporation of excess solvent 
afforded the product as an off-white glass (1 .24 g. 2.3 mmol, 92%); NMR (270 MHz, CDC1 3 ) 5-0.05 (s, 9H)0 .88 -0.95 
(m 2H) 2 06-2.23 (m, 4H). 3.46-3.64 (m, 2H), 3.75-4.02 (m, 7H), 4.11-4.27 (m, 2H), 5.13 (s. 2H), 5.65 (d, 1H, J = 9.71 
Hz) 7 11 (S 1H) 7.34-7.54 (m, 5H): «C NMR (67.8 MHz, CDCI 3 ) 6 166.8, 157.2, 153.1, 150.5, 143.4, 137.1. 129.2, 

128.4, 128.3, 128.3. 128.1, 123.0, 106.2, 85.7, 75.0,64.7, 61.7, 59.8, 55.1, 46.4, 28.6, 23.0, 17.5, -1.5, -1.6. 

(1 1 S,1 1aS)-8,1 1 -dihydroxy-7,9-dimethoxy-1 0-N-(2 , -trimethylsily lethoxycarbonyl)-1 ,2,3,10,1 1 ,1 1a-hexahydro- 
5H-pyrrolo[2,1-cJ[1 ,4] bcnzodiazcpin-5-one(129) 

[02951 1 0% Pd/C catalyst (0.22 g) was added to a solution of the substrate 1 28 (0.95g, 2.1 mmol) in absolute EtOH 
(200 mL). The reaction mixture was hydrogenated under pressure using a Parr hydrogenator at 55 ps, H 2 for 1 8 in. ne 
reaction mixture was tillered through celite, and the celite washed with hot EtOH, laking care not to a low the hltrat.cn 
pad to dry out. Removal of excess solvent afforded Ihe product as a colourless glass (0.84 g 1 .9 mmol 92 A) H NMR 
(270 MHZ, CDCy 5 0.07 (s. 9H), 0.91 -0.97 (m. 2H). 2.07-2.20 (m. 4H). 3.52-3.75 (m. 2H). 3.98-4.26 (m, 9H) 5 .65 (d. 
1H jl 9 71 HZ) 6.26 (br s. 1H). 7.14 (s. 1H); <*C NMR (CDCI3) o 167.0. 157.3. 146.8. 143.4, 141.3 124.9. 123.5. 

105.5, 105.2, 85.8, 64 8. 64.6. 64.5. 61.2, 60.0. 56.4, 46.4. 28.9, 28.7, 23.1, 23.0. 17.3. - 1.3, -1.5, -1.7. 

T.g-dimethoxy-a-Hydroxy-I^.S.Hatetrahydropyrrolop.l-clll^lbenzodiazepin^-oneaSO) 

[02961 A solution of TBAF in THF (4.3 mL of a IN solution. 4.3 mmol) was added to a rapidly stirred solution of 129 
0 37 g 0 9 mmol) in THF (10 mL) and the reaction mixture heated to 35'C to, 2 h. The reaction mixture was diluted 
w«h EtOAc (50 mL), dried over anhydrous MgS0 4 , filtered and removal of excess solvent by rotary evaporation und^ 
reduced pressure afforded the product as a brown oil (0.18 g, 0.7 mmol, 78%). NMR (CDCy nurture of CI /C11 R/ 
S carbinolamine methyl ethers 8 7.08 (s, 1H). 4.43 (d. 1H, J = 8.79 Hz), 4.05-323 (m, 12H), 2.3-1.48 (m, 4H). 

Examples 3(h) to (j) : Synthesis of 7-Phenyl PBDs (See Figure 22) 

Synthesis f the 7-lodo-NlO-TrocPBD Intermediate (134. AG/91) 
S-lodo-Z-p'^'^'-trichloroethoxycarbonylamino^enzolc add (132) 

[0297) A solution of Troc-CI (2.88 mL, 20.9 mrool) in dry dichlorome.hane (20 mL) was added drop wise to a solution 
o. 5-iodoanthranilto acid 131 (5 9, 19 mmol) and pyridine (3.1 mL. 38 mmol) in dry dichloromethane (30 mL) al 1 0 .C 
The solution was stirred for 5 hours at room temperature and then washed with 1 N HCI (2 x 25 mL), water (1 x 25 mL 
and brine (1 x 25 mL). The organic phase was dried over MgSO, and evaporated, ™ 
acetate to afford the title compound as a yellow solid (6.2 g, 75%): m.p. 248 C (ethyl acetate). JH NMR (CDC. 3 DMSO 
d0 54.83 (s, 2H): 7.78-7.82 (dd, J - 9.2. J- 2.2 Hz, 1H); 8.18 (d, J- 9 Hz, 1H): 8.38 (d, J - 2.2 Hz. 1H) »^JJ g. 
1hV 11 04 (s, 1H). '3C NMR (CDC.3, DMSO-oy 5 74.4. 84.6, 95.2, 117.7, 120.7, 140, 140.8, 142 8. 151.5 169. MS. 
mye (relate intensity) 437 (M-1. 60). 289 (55). 272 (37), 245 (100), 218 (27). HRMS Calculated for C 10 H 7 CI 3 INO 4 . 
436.8485. Found: 436.8485. 
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N , 5 - l odo-,r,^2M ri ch l o ro et h o X yca rb o n y t a ml no) b en.o yl )PV"o.id i n e - 2 - m etHan«>M133) 

*t -m 14 a 9 1 mmol) in dry dichloromethane 
,0298] oxalyl chloride (0.88 mL, 10 mmol) was added to a suspensior ot 132J ft* (or 12 hours , and 

50 mL). .oHowed by 3-4 drops 0. DMF as f^^ZZ ^ ^ wise, over 1 hour. to a solution o. 
hen used directly in the next step. The newly formed «* chtond, ■ WB dicn |oromethane (50 mL) 

2 S.(.,).pyrron di nemelhBno, (1 .0! g, 10 mmol) ^.W^*™ ^ ^S'c and was then washed with dilute HCl 
rt-20'C The reaction mixture *as allowed to shrlora evap0 rated. The crude product was subjected 

ON 2 x50mL), water (50 mL) and brine (50 mL), ^ n ve ' ^j^J^j^^b g, 81%): 1 H NMR (CDCI3.DMSO- 
onashcoiumnchromatographytoar.ordthe^^ 

rf1S1 77-228 (m 4H);3.48(bs.2H);3.7(dd. J = 1lAJ-62 1H) X»4t (bs. 1 H). 13 C NMR (C0CI 3 , 

DMSO-d s ) 6 25.0. 28.1 . 51 .2. 60.7, 65.3, 74.5. B6.1. 95.1- «3 • ^ (relativc inle nsity) 522 (M 4 , 

Soil's. 3215, 1745. 1605, 1527. ^m^)^ (80), 245 (14), 216 (14), 83 (15). 70 

3). 521 D. 520 ( m ; 3), 491 ,3 49 » (1, 48 (3 372 ) .3^). (c= 2 . 8 , C HC, 3 ). 

(100) HRMS Calculated tor C 15 H 16 CI 3 IN 2 04- t>^ 15, ° 

7 . lwJ oO0 W ^^ 
benzodiazepln-5-one (1 34) 

l0299] a so.uhon o, OMSO (1 ,9 mL. 25,7 mmo.) in d,y --ro^thane (35 ^^^Z^ 
°o oluuon oxalvl chtor.de (12.8 mmo,) in d^ dich— ^^^^ (80 mL). Keeping 
slir ,or 25 minutes and then treated with a so.ul.o , o 133 (4 .78 g a2 (5.1 mL) in o« dichloromethane 

.emperature below -40«C. After further 60 m,nu tea at^45 ^asoluUo J The , c phase was was hcd 

25 mL) was added, and the reaction mixture allowed to warm to n«n » P ^ a()orded ^ crud 

L wier (180 mL). dilute HC. (1N, 2 x «0j^ «JJ ether 70/30) to give of a pa, . ye«ow o* 
product which was purified by flash chromat ography (e hyl acet at p g (m 1H) . <19 (b 1H) 

(3 6 g 76%): 1 H NMR (270 MHz. CDCI 3 ) 6 2JK4« H 4H) 3*7 3,0 ( , ^ ? yg ^ J= j 

* , 19H 7 1HV517(d J=12Hz.1H);5.66(d.J=9.7Hz.lH M«l • 94.8.132.0.133.6. 
- 22 Hz 1H M0 I Ji- «W tH). «C NMR (COO j £23.0. J.« * ^ 72 0. MS: m/e 
37.9 140.1. 154.1, 165.2. IR ^£^^^^%im^MW)^^^ 
{rela ,iveintensny)5 2 o r 62, ^^Z^^S^' ^7.4» «c= 1 .15, CHC, 3 ). 
HRMS Calculated for C 15 H 14 CI 3 IN 2 0 4 . 519.903b. t-ounu. 

[0300] 
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arhonv „ t 2 3 10 11 i1a-hexahydro-5-H-pyrrolo[2,1-cl(1,4l 
7-Pheny l-l0-N-(2'.2-.2--trlchloroethoxycarbonyl)-1 .2.3.10.1 . 

benzodiazepin-5-one (135) 

,. m1 . Bl2 2 m mol) Pd(PPh 3 ) 4 and anhydrous 

ro 3 01, Asuspensiono,134(0.5g.1 h 0mmol)ben— 

Na,CO 3 (0.16g, 1.48mmo.) in distilled benzene 20 ^^"^J^ wilh water (2 x 20 mL). The organ* phase 
The reaction mixture was diluted with ethyl acetate (20 mL) and was chromatography (ethyl acetate/ 

I'sdrod over MgS0 4 and evaporated to yie.dacrude yellow J Pu ^ ,J NMR (270 MHz. CDC W 5 1.98-^09 

potlum ether 30/70 to 70/30) ^^Tl^Z^^ »J- 1H > ; 4 " (d ' J J ; 

(m, 2H); 2.12-2.15 (m, 2H); 3.51 -3.62 (m, 2H) 3.7-3 .79 (m, 1 ^ ? ^ 7Q (m ^ (d J = 

5 18 (d J= 12.1 Hz. 1H); 5.66-5.73 (dd, J - 4.8. J= 9.8 Hz. H). 128.9; 129.6; 130* 

2 2 H i i»C NMR (CDC 3 ) 822.9, 28.7. 46.4; 59.8; 75.0; 77.3. 86 f-^ 21 Q ' 5 222 (100) . 195 (10), 166 

(35). 140 (10). 70 (70). HRMS Calculated for C S1 H 19 C, 3 N 2 0 4 . aoo. 
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CHCI 3 ). 

,,,« ) .,.p ta ^1J.3,1i a - l «r*»^5»-pyn«=P.win.«l^ l ^^™ IIK ' ,ien29> 

THF (5 mL) and of aq. ammonium acetate (1M. 5mL). 1 ne subpeiisiu 

hours, then poured into ethyl acetate (200 mL), dried with ^4 a"^ea ^ ^ 

[0303] The filtrate was evaporated and residue purto dby fiash c o.umn ch, g (m ^ 

L ttto compound as coiouriess oil (0.1 9 g 98%): «H NMR. (270 MHz, CDC ^6 2. ^ ^ ^ cdc(3) g ^ 

3.53-3.63 On, 1 H) ; 3.76-3.92 (m, 2H); 7,36-7.79 (m, 8H) V 130 t- 130 5- 139.5; 145.0; 164.5; 165.1. IR 

2 ,B, 46.9; 53.8; 126.9 127^ 127,; Ca.cu.ated lor C 18 H 16 N 2 0: 

(Nujol): cm' 1 3000-2800, 1620, 1455, 1377, 1239, " ' 

276 1261. Found: 276.1262. [afV + 131.4' 0.19, CHCI 3 ). 



[0304] 



MeO' 
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^ m m io a 2- 2Mrichloroethoxycarbony1)-1, 2,3,1 0,11 a-hexahydro- 
(11S11aS>7-(4 > -Methoxy)phenyl-11-hydroxy.10.N-(2 ,2 ,2 tncmoroe y 

5H-py rrolo[2,1-cH1 ^benzodlazcpin-S-one (137) 

l03 0 51 134 ( 0, g ,, 0 mmo.), 4 -me, h o X y b en Tb oron^ 

N a 2 CO 3 <0.16g.1.48 mmo.) were heated at ^^J^^^^^^M^m^^f^. 
mL and water (2 mL). The reaction mixture was ^^^^^Sn, oil. Purification by flash chromatog- 
The organic phase was dried over MgSO, ^^^^J^^.^ g 7 1%): <H NMR (CDCI3) 8 1 96-216 
raP hy (ethyl aceta.e/pe.ro.eum ether ^^ ^^J- i 8 m 1H); 4.29 (d. J- 12.1 Hz, 1H); 5.20 
(m . 4H); 3.54-3.63 (m, 2H); 3.71-3.79 (m 1H); 3.8 , (s, 3 Jt). 4.18 (d J ^ 4^ 8 H > ^ ? , ^ (<J 

C. j = 12.1 Hz, 1H), 5.66-5.72 (dd, J. 45. J = M ; Hf . 1 H) . 6.97 « J 8 8 Hz £ I g ^ ^ 

4^55^ 

;ri5rsvi~ 

498.0515. Found: 498.0513. |ap D - +149.4° (0.25, CHC 3 ) 

[03 o 6] Cd.bcoupMO.^^^^^ 
^Lr^di—S 

and the residue purified by ..ash column chromatography (ethyl aceta ,e to aflo ^ ^ ? q (rf J = 

(0.1 g, 70%). iH NMR (COCI3, DMSO-<%) 6 2.1 (m. J ZH>. 2 3-24 m 2H * 3 JS J ^ , H) 7 8 (d , J= 4.4 HZ, 1H.) : 
8.8 Hz, 2H); 7.36 (d. J - 8.3 Hz, 2H); 7.6 (d, nu^O d 1^24 V 29 5' 46 7; 53.6; 55.3: 77.3; 114.1 ; 114.3; 127.4; 
8.2 (d. J-2.2Hz.1H). 13CNIMR(270MHZ.C0C. 3 DMS \ 1662 , 160 7. 1491. 

,27 6; 127.8; 128.0; 129.3; 131 .9; 138.7: 144.3: 59.4 64.2 164 .8. .R (Nu,o ^ ^ ^ ^ 

1454, 1245, 1069 823 759. ^^.^^^^iA - ♦ 773,- { C- 0,1.CH 3 OH). 
(5) : 70 (10). HRMS Calculated tor C 19 B 18 N 2 0 2 . ^.uo/. 
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Exam ple 3<i) : Synthesis of the 7 ^ -Nttropheny1)-PBP (140, AG/150) 
[0307] 



w 




(11S ,11aS,.7.<™«ro^^^ 
is pyrroto[2 ) 1-c]-[1 ,4]benzodiazepin-5-one (139) 

<o The organic phase was dried over MgSO, and evaporated to yteld an crude yellow o Y 5 

raphy (e,hy. ace.a.e/pelroleum ether 50/50) afforded he P"- c °-P ou " d 0 4 j 1H) . J^j, 10 Hz, 1H); 
2.0-2 2 (m. 4H); 3.6 (m. 2H); 3.76 (m. 1H); 4.31 (d . J - 1 2 Hz V H£ i_ 9 t d J - 12 HZ 1 , ^ ^ 
7.5-8.5 m, 8H). «C NMR<68.7 MHz, CDCI3) J *J. 28£46A £ 7 £^£i£^. 1721, 1626, 1530. 
129.9, 131.2, 132.0, 132.8, 133.9, 138.3, 140 .7 148 6. ^J^^* W2K (IS) 267 (54), 221 (16). 
1.55, 1349, 1062, 821 . 759. MS: m/o (relative mlensrty) 613 (M* ). 33 (55^32 1 (10 h ^ = ^ 

197 (18), 164 (15). 70 (22). HRMS Calculated for C 21 H, e C 13 N 3 0 6 : 515 0233. Found. 515.0 2JS > l r o 
= 0.1,CH 3 OH). 

(l1a S>-7-<3-NNrop h ^^ 

[0 30 91 A solution of TBAF in THF (1 M solulion. 7.6 mL. 7.6 ^~^££?££Sf£ Z2> 
n of THF (20 mL) and the reaction mixture a.lowed to stir for 2 hours at phase was drie d 

Lh ethyl Late ,50 mL) and washed with water (3 x 50 m V » ^ i j£^2^^. * *«°< d 
over MgSC 4 and evaporated ,0 dryness. The res.due ^^JCff ^ «i™ * fm. 3H); 3.5-4 3 0 (m. 3H); 
the title compound as a cotour.ess oil (0.1 5 g 63%) 'H NMR f™^™^. MS: nie (relative intensity) 321 
7.3-8.5 (m. 7H). IR (NujoO: enr 3000-2850 6 4 527 466, 321 , 115 . Found: 
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30 
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40 



321.H13. iap 5 0 = 4- 129.6° (c= 0.1, CH3OH). 

DRH-105) (see Rgure 23) 
[0310] 




55 



,0311, A so,u,ion of 2. 2 ,2.„ te h.oroethy. ch.oroformate (1 .08 g. 4.8 -) in dis,«.ed die— ane (10 mL) was 
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g. 5.1 mtnoO in distilled dichloromethane (20 mL) at 0 I 3 A Wl " ou mL) and dried over anhydrous MgS0 4 . 

Evaporation of the solvent yielded a brown 0.1 wh^h was pun. ,ed b r flj * "J g , 6 . 2 2 (m , 4H) , 3.3-3.6 

,o afford the product as a yellow glass (2.65 9.^ 7 ^' - ^* ' '"^J ^ 5 1 3. 2H) 6.6 (s, 1H), 7.2 (br s, 1 H). 
(m, 2H). 3.6-3.9 (m, 2H). 3.8 (s, 3H), 3* (s 3H , , m. H> 4 .8 ( *2H I ^ ^ ^ ^ ^ ^ 

7 3-7 5 (m 5H); 13 C NMR (67.8 MHZ, CDCI 3 ) 5 171 .5. 153.1 . 142.0. 
75.3, 74.6,' 66.5, 61 A, 61 .3, 56.3, 50.7, 28.7, 24.6. 

... ^ n K„rtm«/ lO-M-rZi' 2-trichloroethoxylcarbonyl>-1 ,2,3,10,11, 11a- 
( 11S,11aS)-8-benzylox y -7 l 9-d l metho X y-11-hydroxy^10.N (2£ * 

hexahydro-5H-pyrrolo[2,1-cl[1,4) benzodiazep.n-5-one (142) 

^2, Anh y drousOMSO(0,7 g ,12,rn T ,)ind^ = 

solution of oxalyl chloride (3.08 mL of a 2N solute « DCM *2 ^mol) m dry I ^ ^ ^ 

a, -45-C. Alter stirring tor 15 minutes, the substrate (246 .3 rnrno ) ,n *y ^ ^ ^ (1 ?y g . r/ fi mmo|) 
45 minutes to the reaction mixture. which was then stirred tor a Jne reaction mlxt ure was lett 

was added dropwlse .0 the mixture over 0^5 ^^^^dfhe phased M to separate. The organic phase was 
,0 warm to room temperature, diluted with H 2 G P0O"«rtflJ d[ied Lr M gS0 4 . The solvent was 

washed wiih IN HCl (2 x 50 mL), water (2 x »^^ 1 f/ n ^^i„ N MRp70MHi.CC)a a >62X)1-2.17 
evaporctedtoaflorftheprodu*^ (s . 2H). 5.62 (d, 1H), 7.08 

(m> 4H). 3.44-3.77 (m.2H). 3.87-3.90 ^^^f^'^z 15 3.6. 150.5, 143.6, 137.1, 129.8, 129.3, 

56.0, 46.5, 46.3, 45.8, 28.7, 28.6 t 23.0. 
B-Benzy.oxy^-dimethoxy-l^^ 

[0 313, lO%Cd/Pbcou pl 3,1.2 g ;10mmo.Cd)wasadded.o^ 

1 mixture of THF (15 mL) and .N NH 4 OAc (" .5 m£ ^J^L,, M e was diluted with EtOAc (1 50 
(m,2H), 2.23-1 83 (m, 2H). 



[0314] 
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55 



4.Nltro-2-<2-,2',2-trichtoro e thoxycarbonylamino)benzoicac.d(145) 

,-r rM% M fifi mL 12 1 mmoi) in dry dichloromethane (25 
t 0315] A solution of 2 ,2,2-trichloroethylchloroformale 0*»*1> <* J mL j m flnd jdinc (1 78 mL , 22 mmol) 
ll) was added drop wise ,o a solution of *-"^ a ^'^^rrt M-cTr 5 hours Tho reaction mixture was 
i„ dichloromethane (25 ml) a. «TC. The so.uUon was > « 0 st a J * and dried over Mg sO, Remova. of 
washed with dilute HCl (IN. 2 x 50 mL) water 1 x J^^E^d th. c J e product which was used in the sub- 
excess solvent by rotary evaporation under reduced pressure afforded 
sequent reaction without further purification. 
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N[4-nitroH2\2'.2Mrichtoroethoxycarbonylamino) benzoyl] pynrolidine-2-methanol (146) 

[0316] Oxalyl chloride (1 mL. 12.1 mmol) and a catalytic amount of dry DMF were added to a suspension ol the 
crude prod cUrom the pLous reaction in of dry dich.orome.hane (50 mL) and the reaction m.xture was a lowed o 
stir a, room .emperature (or 1 2 hours. The now.y formed acid chloride was added drop w»e. over 1 hour^o a o^on 
o. 2S-( + )-pvrrolidineme,hanol (1 .22 g. 12 1 mmol) and triethy.amine (3.8 mL, 27.5 mmol) ,n d.ch ^^ e ^ 
a. -20°C (CCI 4 -dry ice). The reaction mixture was stirred for a further hour at -20°C and was > .hen allowed to warm .0 
room tempera ure. The reaction mix.ure was washed with dilute HC. (1N. 2 x 50 mL) water (50 mL) and 
driedovorM g S0 4 and evaporated underreduced pressure. Theresidue was P"*^^*'^^^ 
pe.ro.eum ether 50/50). removal of excess eluen, afforded of a yellow oil (134 £ 0%. over X wo teps^ H NMR 1(270 
MHz. CDC b ) 8 1.7 - 2.3 (m, 4H); 3.45 (m, 2H); 3.71 (dd, J= 5.5, J- 11 , tH); 4.06 (m, 2H^4.4 (bs 1H), 4*5 d, J- 
11 1HV 4 89 Id J- 13 H2 1HV 7 56 (d J= 8.4 Hz, 1H); 7.96 (dd, J= 2.2, J= 8.4 Hz, 1H), 8.94 (d, J - 2.2 Hz, 1H), 
2 bs H S NMR (67 8 Z. CDC, 3 ) 8 24.9; 27.9; 50.8; 60.5; 64.3; ^ * 

149 0; 151 8; f67.7. MS; m/e (relative intensity) 441 ((M.1), 1), 291 (10) 260 (12) 191 (30) 164 (15) 15 4 M 113 
(20), 77 (20), 70 (100). HRMS Calculated lor C 15 H, 6 C )3 N 3 0 6 : 439.0104. l-ound: 439.0105. (aPV - 110.6 (c- 0.13, 
CHCI 3 ). 

N-[4-amlno(2 , ,2',2-trichloroethoxycarbonylamlno)ben2oyl]pyrroUdlne-2-methanol(147) 

[0317] A so.ution 0. 146 (1 g, 2.3 mmol) and SnCI 2 2H z O (2.56 g, 11 .4 mmol) in methanol (20 mL) was heated at 
eflux for 6 hours (the reaction was monitored by TLC (3% methanol, ethyl acetate). The react, on 
,o 1/3 of it's original volume and the pH adjusted ,0 8-9 with satd. aqueous NaHC0 3 . Ethyl acetate 0 
and the mixture was vigorously stirred for 12 hours, .hen .Htered through Celite to remove : on sate. Th ^"^ 8 
was dried over MgSG 4 and evaporated to afford the product as a ye.low oil (0.94 g 97% wh.ch was used n the nex 
reaction wi>hou, further purification: «H NMR ,270 MHz, CDC 3 ) 5 1 .6 - 1 I (m 2H )y 9 (m H) 2 17 ^H) 3.48 
3.58 (m, 1 H), 3.62 - 3.72 (m, 2H); 3.84 (m, 1H); 4.44 (m, 1H); 4.77 (d. ^ 12.! Hz 1 H*4.83 (d. ^ 1 J1 Hz 1 H. .6*2 
Mrt I ?? J- B 43 Hz 1HV7 18 (d J = 8 43 Hz, 1H); 7.52 (d. J = 2.2 Hz, 1H); 9.62 (bs, 1H). "C NMR (67.8 MHz. 

( CDct) 5 2 :i;'25^ 

cm- 3346. 3000-2800. 1738, 1620, 1463, 1196, 1046, 963, 820 760. MS: m/e relalwe , ,ntens«y> 409 UNM] ^ 309 
(20), 179(25). 161 (100). 134(8). 113 (25). 77 (35). 70 (85). HRMS Calculated for C 15 H, 0 CI 3 N 3 O 4 . 409.0362. Found. 
409.0363. la] 25 D = • 60.1° (c= 0.3, CHCI 3 ). 

N-[4-(Fmoc)amino(2-,2',2'-trichloroethoxyearbonylamino)benzoynpyrro.idine-2-methanol(148) 

[031 8] An aqueous solution of NaHCO, (0.6 g. 5.67 mmol. in 20 mL of f^O)- was added .0 a so.ution of 147 _(094 

g 2 3 mmol) in THF (20 mL). The reactkfn mixture was cooled .0 0°C and Fmoc-C. (0.65 g UM«<M- 

small portions. After addition the reac.ion mix.ure was allowed .0 stir for 2 hours at room tempe ^ ^ e «J 

acetate /petroleum ether 50/50). The reaction mixture was acidified with dilute HCI (IN) and extracted w„h ethyl acetate 

^lySTSSc phase was dried (MgS0 4 ) and evaporated and the resulting yellow 0. thus .obtained, «as 

purified by lash chromatography to afford the product (1 .03 g, 72%): NMR (270 MHz. CDCI 3 ) 6 -68 (m 2H) 1 84 

(m. 1H); 2 11 (m. 1H); 3.48 (m. 2H); 3.71 (m. tH); 3.87 (m, 1H); 4.19 (I, J= "WW*^£fJ* J ^ 
Hz.2H;4.73(d, J =12.1.1H);4.78(d,J=12.1Hz,1H);7.2-7.8(m,11H)8.04(bs 

•? oc, 1- pa v lea- 51 6- 60 8- 65 7- 67 V 74.3; 95.2; 109.9: 112.3; 118.3; 120.0; 124.9; 127.1, 127.8, 129.3, 137.5, 
4 S M41 2^43 '6 5. . 8 153?' iVS. IR (Nujol): cm- 3301 , 3000-2800. 1736, 1599. 1525. 1451 
758. 740, 667. MS: m/e (relative intensity) 632 (M-), 409 (15). 309 (20), 179 (25), 161 (100). 134 (8), 113 (25), 77 
(35), 70 (85). [ape * - 70.3° {C= 0.25. CHCI 3 ). 

( 11S l 11aS)-8-(Fmoc)am-no-1-hydroxy-10.N-(2•.2^2•-r•.chloroeO l oxyc art) ony. ) -1.2,3.10 ) 11,11a-hexahydro-5H- 
pyrrolo[2,1-c][1 ,4)benzodiazepin-5-one (149) 

[0319] A solution ol DMSO (0.31 ml, 4.4 mmol) in of dry dich.orome.hanc (10 mL) was slowly added (ove. 30 minutes) 
O a solution o, oxalyl chloride (2.2 mmol) in dry dch.orome.hano (11.1 mL) a. - 45»C The m.xturc was l,o««. o 
toMSminu.esfo.lowodby .he addition of a solution of 148(1 g.1.58 mmol) in o dry *f>™^< 
,he temperature below -40°C. After further 60 minutes at -45°C, a so.ution of tr.elhylam.ne (0.88 ml 6.32 mmol) ,n 

dlh^ 

was washed with water (50 mL). di.ute HC. (IN, 50 mL) and brine (50 mL). ££j£££25 
product which was purified by flash chromatography (e.hy. aceta.e/petroleum elher 50/50). Removal of exces .eluen 
furnished the product as a pale yO.ow oil (0.81 g. 82%): 'H NMR (CDCI3) 8 1.96 - 2.16 (m. 4H); 3.47 - 3.56 (m. 3H), 
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15 



20 



«h„d»xv-10-N-(2-,2-,2'-trlchtoroethoxycarbonyl>1^.3.10,1l,li 
(1lS,1i a SV8.amino-11-hydroxy-10 N ^ , 

r^-cllMlbenzodiazepin-B-one (150) ^ ^ ^ ^ ^ 

[O3201 - Pr o rr a— ^ 

;.9 • 2, (m, ^ • « £ Jj -*£ Hz.^H); 756 (d, J - 8.2 Hz. 1H). ^^^1 1714, 1602, 
10.3*. 1H); 6.61 (s 1H) .6 6S (d J J ^ n54 . 4 ; 167.3. IR (Nu|ol): «r .< (5) 340 (10), 309 (25). 

46.3, 59.8; 74* * ^ 66 5. MS: m/o (relative intensity) £i 407.0206. [aP 0 = ♦ 



30 



47 8° (C= 0.5, CHCl 3 ). 

. 12 3 1 1 a - t etr a hyd ro -5H-py-,o P ,1-cH1 > 4l b enzo di a Z ep,n.5-one(151) 

Synthesis of ( 11aS)-8.a mi n«-1,2.3,11a ^ ^ ^ g ^ ^ 

l0321l 0^00^.0.34^ 

temperature and the react.on , rn xnure W P ^ was subjected to flash chr«. J P ^ mB 



J5 [0322] 
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Me 



MaO-^V< 



50 



55 



Me thy. 4.n,eth y .-3,5-dimethoxybenzoa1e (187) 5 . dimeth oxybenzoic acid 

, 0323) Concen.atedsulphu^ 

fee S.01 9. 25.56 ntmoO in SLad to a third of ^^^T^<^ ^ 

Lrs and then coeled to roern ,empcra|ure an^ ^ ^ ^ ^ mjnu , ^00 mL). bnne (2 x 100 

213 (S. 3H); 13 C NMR (67.8 MHz, CDCl 3 ) 5 171 .0 



52.13.877,8.66 
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Methyl 2-nitro-4-me1hyl-3 ) 5-d\niethoxyben Z oate (188) 

L,..t irt n of 187 (4.8 a. 22.86 mmol) in acetc annydnde (30 mL). wmisi Keep g ^ 



J5 



20 



87 (4.8 g. 22.86 mmol) in acetic annyanae ,~ r » aqueous mixture was 

The reaction mixture was stirred .or 2 « ^3S2S5SS»73« ™«* ' H NM " 

left to stir for 1 hour and .he product collected by > fltatnn to a.. r a yellow so ltd ( M 8 ^ coc , 3) 

2-Nitro-4-methyl-3,5.dimethoxybenzoic acid (189) 
[0 3 25J Po,ass l un 1 hyd roXl de ( 3, 1 ,S,3i mm o. )W a^ 

Uydrous methanol (80 mL) and Ihe.reacUon -^"^^^^J^ed with water (50 mL) and left 
coof and acidi.ied to pH 2 with 1 N HCi and the so d reap ate was ^ ,„ NMR (270 MH2 _ CDCl3) 8 

y 7 «5 ns: xsss: sss.?^. ^ nmr (67 . 8 »*. coo . i«* 

150.09, 139.38, 125.70, 122.50, 107.24, 62.78.56.34,9.62. 

N-(4-rV.eth y .-3.5-d.m e thoxy-2-nitrobenzoyl)pyrro.idlne-2-methano. (190) 

■ ^ i m 18Q n 96 a 15.32 mmol) and oxalyl 
10326] A catalytic amount o. DMF (2 drops) was added to a ^^^ZI^M mixture was allowed 
chloride (2.14 g, 16.85 mmo,) in dry CH 2 C, 2 (50 ^^^^^,,0^. 4-methy.-3,5.dimethoxy. 
tostir overnight and the resulting acid chlon^ used d»ect^^ 
2-nuro-bcnzoy. ch.orido in anhydrous DCM 50 2 5 eq) in anhyd rous DCM (50 mL) a. 0'C 

3S lidine methanol (155g. 15.32 mmo. . 1.1 eq) andTEA ^^^^ < ^J^ at ^ 

under a nitrogen atmosphere and the reachon mixture ^^^^^ with distilled H 2 0 (2 x 100 mL). 
nature was washed with 1 N HCI (2 x 100 mL) and .he or^mc SQ ^ elded a ye , l0 w glass (190) (2.13 

brine (2 x 1 00 mL) and dried over anhydrous WlgS 0«^^°" 0 ™ ^ 28 (m . 1H ), 3.91 (s. 3H), 3.89 (s, 3H). 
g. 6.56 mmol. 43% - 2 steps); m NMR (270 IM, COCI, £ " » < MHz, CDCI 3 ) 6 167.85. 16. .15. 

30 3.83-3.68 (m. 2H). 3.46-3.26 (m. 2H). V 9 J S ft f fi V 6 1 6 37 ^ 36 50 20 28.41. 24.50, 9.34. 
152.62, 135.70. 132.32. 123.17. 103.70. 65.87, 62.61, 61.37, 56.36, bU.^u. 

N .(2-Amino-4-methy.-3,5-dimethoxybenzoyl) pyrrolidine-2-methanol (191) 

35 l0 3271 Hydrazine hydra, (1 .26 g. 39.37 

Inemano. (50 mL, gen.ly re.luxing over Raney n.c e. 1 g. ^^7^ 0 % e J^.L by UC after 2 h. The reaction 
subsided alter approximately 1 0 minutes Sed water (100 mL) was added to the residue, and 

rh~=rt= 

NH 4. M e, h y,-3,5-d«^ 

Lr 0.5 hours .0 a solution of anhydrous P^^M «" * ^ wi,h ^' WS ^ ^ , 
mL) at 0°C. Alter 6 hours a. room temperature, dried over anhydrous MgS0 4 . Evaporat.on of 

washed with 1 N HCI (2 x 100 mL). H 2 0 (100 mL)^ bnne 100 <'^* ° (silica ge ,, El0 Ac) to aflord the 

lhe seven, yietded a brown oi. which was punted by teh column « 9 £J , „ 9 s> 1H) , 6 . 56 (s . 1H) 
product (192) as a yellow glass (2.13 g, 4.53 mmol L 70 «) H NMR (270 M a (m 1H) 

4.78 (brs. 2H), 4.25-4.23 (m. 1H). 3.82-3 .79 (rr, 3 *1 3 69- ^ <^ 3 ^ ^ 15682 , l56 . 67! ,54.02, 153.34, 

hexahydro-5H.pyrrolo[2.1-c)l1 ,4] benzodia7ep.n-5-one (193) 

.v ^ nrim ft mLl was added dropwise over 5 minutes to a stirred 
[0329] AnhydrousDMSO(1.006g.12.87mmol)mdryDCM(10mL)wasadaea 
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so, U «ono«oxa r y.ch.oHde( 3 .19mL 

stirring for 5 minutes, a solution of 192 (2.13 g 4.53 ; mnoQ m dj DCM 1 C mL) wa padded p ^ ^ 

,o the reaction mixture, which was then sttrred lor a further 45 ™«**™~™Ln mixture was left to warm to 
dropwise to the mixture over 0.5 hours and stirred for a further 15 minutes. ™° ™™ on m ' x washed 
mom temperature, diluted with H 2 0 (100 mL)and the phases ^^STJ^-- to 

with 1 N HCI (2 x 50 ml), water (2 x 50 mL), brine (2 x 50 mL) and ^over MgS D J e so v p 
afford the product ,193) as an off^hje -glass (1 .84 » afd 5.68. ,= 4.21 

(minor rotamer 1:4, visible atd7.06),558(dd. J=3.84 Hz ; J - 9 ^» (ml " ,_ 385Hz 1H ) 3.88 (s, 3H), 376 (s, 
Hz, J= 9 53), 4.71 (d, J- 11.72 Hz, 1H). 4 .56 (d, ^ 11.73Hz ^^-^^L, 5 166.82, 158.31, 

ir"«S|iSES»SlJ 55.88, 55.79, 46.56, 46.38, 28.70, 28.62, 22.94, 10.14. 9.75. 
8-Methy.-7,9-di m et h oxy-1,2.3,11a-tetrahydropyrrolol2.1-c][1,4]benzodiaze P in-5-one(194) 

,0330, lO-.Cd.PbcoupMl^g:^^ 

a mixture of THF (15 mL) and 1 N NH 4 OAc (15 mL). Atte 3.5 hours (50 mL) Remova , 

126.29, 124.27, 105.71, 60.98, 55.80, 55.70, 53.71, 46.70, 29.52. 29.34, 24.13. 9.33. 
Example 4 : Synthesis of the C8-Amines 

[0331] 



30 




40 NitroDi-acid(153) 

[03321 14,3got(4.carbox y .,methox y .5hydroxy.phenoxy ) = 

o 70% nitric acid (100 mL ) stirred at 0-C. The reaction was sti rred ^^^^^ l eMaami by nitration and 
reaction mixture was then poured onto ice and allowed to «r for 18 h. The so,,* were ^ c y ^ ^ 

washed with water. The aqueous .ayer was then extracted ^^^^^ ^ed fn J uo l0 give 153 as 
washed with water and brine and dried with sodium sulphate^The ^solvent war then rem ^ g 
ay eHowso.id.yieK l =14.01g(83%)m P 141-C. 1 HNMRpDC3).885 ^"^"^ t ' 2H J = 6.41 Hz. 
(J 1H. CH3OCCH), 4.35 (., 2H, J =6.41 Hz, CH 2 CH a O) 3*9 £™-™g^ M % (N o 2 c C H), 111.26 
CH 2 CH 2 0,.'3C-NMR(CDC, 3 ):5 339W 

(CH3OCCH). 122.50 (CCOOH). 141. 14<CN0 2 ). 4951 gJ^JOQ^^MJ 3 »' 123Q 1250 1200 , 1060 

(15). 55 (10). HRMS Calcd. for C„B 14 N0 9 - 285.0511 found - 
2-Propene 3-(4-carboxy-2-methoxy-5-nitro P henoxy)pro P anoate (154) 



45 
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tocooUhe^ho,^^ 

Nation. This so.id was taken up in BOAc ^ J^^^JSUbp^ISO-Cs 'H-NMR (CDC. 3 ): 
sc4iumsu.phate. Evaporation*^^ > = P ^ (M 1H Jf = 128 

5 2.92 (.. 2H. J = 6.35 Hz); 3.94 (s, 3H>: 4.38 (t 2H J - Ml H£ 4 65 (d. 2 ^ {g ^ ,^ nmr (67.8 

Hz. J 2 = 19.42 H2); 5.33 (dd, 1H, J-, = 128 2 ^ q 141 1 , 149.1, 152.6, 167.1, 170.0; 1R (Nujol); 

MHz; W 5 34.1, 56.5, 65.0, 65.4, 108J5. 11 1 A ^ ,01 0 cm'': MS (El) m/z (relative intensity): 325 

;T 9 ^ 



lound 232.0773. 



10 



15 



?0 
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1 W/wanftal p /154V 5 a 15.34 mmol), oxalyi chloride (2 
l03 34, 2-Propene 3-(4-carboxy- 2 -metho*y-5^ The sclent was then removed in vacuo 

mL. 23 mmol) and 5 drops ot DMF were stirred m dry TOF (100 mL) to n q( (2s) . py , r0 . 

„nd the residue dissolved in dry THF (50 mL). This 86 9. 16 41 mmol). The stirring 

lne-2-caroxaldehyde diethyl thioace,ate,3.15 ^^"^^iSfi by Hash chromatography 
was continued (or 1 8 h. The solvent was then removed m vacuo and ine p h qc 6 ^ (s 

Sag with ethyl acetate to give 155 (7.480 ^95%) as a ye.tow « -H NMR (CDC 3 M ^ ^ ^ 

,H, MeOCCHC), 5.98-5.86 (m. ,H, OJJO^W J e/Jf 5f OCH^C^) 4.42 ,«, 2H, > 7.69 Hz, 
OCH 2 CHCH 2 ). 4.88 (d. 1H, J = 3.85 Hz NCHCH l474 4.65 m . z 2 8? . 2 67 (m , 4H , 

ChJhjOC). 3.94 (s, 31 1. OCH 3 ), 3.29-3.21 (m. 2H. NCH 2 . 2 f ^"[ J ,3 C -NMH (CDCI 3 ) : 5 15.00, 15.13 
SCW, 2.32-1.78 (m, 4H. MCH^W^ 6 » ■ S £?f * ^ ^ O), 50.19 (NCH 2 ), 52.80 
,SCH 2 CH 3 ). 24.63 (NCH.CH.CH,), 26.28 26 59 27.22 £wCH 2 ). 10870 CH >' 109 47 < 3r ° m - 

NCHCH) 56.60 (OCH 3 ), 61.08 (NCH), 65.13 ^"^^ £ N 0 2 ). ,47.98 (CH 2 CH 2 OC). 154.57 

CH). 118.55 (OCH 2 CHCH 2 ), 128.58 (CCON) 13 73 ^S^i Si 2200 "40. 1640. 1580. 1530, 1340. 
(COCH 3 ). 166.61 (CON), 170.14 (COO). IR (Nu,ol) v=- 3650-27K 300 0 ■ og ^ (g4) 268 

280 1220 1180, 1050 cm - '. MS (El): m/o (relative intensity). 527 ' !?! 
S) 142 (4). HRMS calcd. for C 24 H 35 0 7N2 S 2 - 527.1875, lound = 527.1 885. 

S-AminoW-diet^ 
2-propenylpropanoate (156) 

[0335] 8 (7.21 g, 14.05 mmo.) and T,n(U) ch.oride ,16*0. 78 ^^jJ^JJiS^SIS 
,00 mL) then allowed .0 cool. The solvent was then ^Stol stirred overnight. The reaction mix.ure was 
Licartonate solution at 0'C. E.OAc (50 ^JT ^ '™ combine d organic* were then washed 

,hen filtered through Celite and the filter cake washed wHh ethyl us , ng 
wilh water and brine, dried with sodium sulphate and '^^^VjellOW oil, yield = 5.87g (86%). 1 H NMR 
„ash chromatography eluting with ^J^^^^t^S^.W. OCH 2 CHCH 2 ), 5.31 (dd, 1H, J - 158 
(CDCM: 5 6.82 (s. 1H, arom. CH), 6.28 (s, 1H. arom. CH), 5 ■» ' , 4 2 JVA 62 (m , 5 H, including doublet 

£ 24 Hz, OCH 2 CHCH 2 ), 5.26 (dd^H J . . ,28 Hz fg«££f^£w** ^ 
a, 4.62, 2H, J = 5.49 Hz, NH 2 . NCHCH, OCH 2 CHCH 2 ), 4_27 (, 2H lb 2 SC h 2 ch 3 ), 2.28-1 .80 

(s, 3H, 0CH 3 ), 3.66-3.57 (m, 2H. NCH 2 ) 2.89 ( 2H ; = " ^"^^^3). 2655.27.23 (NCH 2 CH 2 CH 2 ), 
U4H,NCH 2 CH 2 CH 2 ),1.25(m.6H,SCH^ 64 . 20 (C H 2 CH 2 0), 64.41 

34 27 (CH 2 CH 2 0), 53.20 (NCHCH), 56.08 (OCH 3 ), ^C">- ™ . 13 , 93 ( o C H 2 CHCH 2 ), 14, .03 (CNH 2 ), 

; OCH 2 CHCH 2 ) 102.26(arom. C H), ,13.7, ^W™g£g^£££ L 3500-3^0, 3460, 3400 
U.74 ,CH 2 CH 2 OC). ,54.56 (COWrf. £W» (CON) ^^^^ inlensily) : 482 (M>", 4), 347 (2), 
2970, ,740, ,650. ,535. 1470 1345 , 290 ***-""T ^ ^ (ound , 482.1925. 
278 (31). 137 (1), 70 (3); HRMS calcd. for C^H^OsNjSj 

5-(2 2 2 trichloroethyloxycarbonylammo)phcnyloxyK proper y H v 

m To a solution o, ,56 (5,7g, 1,.74mmo,) in 

To this was added dropwise a, 0«C a f^^^St!^^ (3 X ,00 mL), water ,3 ■ 100 
» solution was stirred for a further 1 hour at 0°C. The ^"^nue^oved in vacuole give a brown oil (6.8g. 88%) H 
mL)b rine(,00mL).driedovermagnesiumsu^^^ 

NMR (C0C 3 ): 6 9.14 (bs. 1H. NH), 7.88 (bs 1H. CHCNH), 6^93 (s 1H C H 2 CHCH 2 ), 4.89-4.77 (m. 4H. 

5.31 (dt. 1H, J =1.47 Hz. 27.84 Hz OCH 2 CHCH 2 ). 5.25 (dt, 1H, J -1.29 nz. 
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Silvo intensity): 858. 656 (M 4- , 1), 508 (1), 373 (6), 305 (5), 304 (27), 192 (5). 70 ,12). 

3-(ll-Hydroxy-5-oxo-10K2,2,2-tri^^ 
io {elpyrrolo[2,1-3H1 ,4]diazepin-8-yloxy-2-propenylpropanoate (158) 

,s wtt, water (3 x 50 mL). brine (100 mL) and dried over magn = s U ^^^g~i£^ as a yellow 
the resulting product was purified by flash chromatography elut.ng w«h ethyl acetate to give inep y 

1 H J - 9.71 Hz. TrOC-CH 2 ) 5.37-5.20 (m, 3H, TrOC-CH 2 f OCH 2 CHCH 2 ). 4 65 (d ^H, j . 2 2 

4 36-4 22 (rn 3H CH 2 CH 2 Q * NCHOH). 3.90 (s, 3H, OCH 3 ). 3.72-3.47 (m. 3H. NCH + NCH 2 ). 2.91 (t, J- 6.41 m 
,o C h!cH 2 0 2.29-2.00 m, 4H, NCH 2 CH 2 CH 2 ) «C NMR <CDCI 3 ): 5 170 .33 (ester 

( OC 2 0) 2 14 1 ,88 (COCHj), 148,3 (COCH CH 2 ). 13,86 f^g*^ g^ 7 2%!g2&l£ 

(OCH 2 CHCH 2 ), 114 48 (arom. CH), 110.82 (arom. CH) 95.0 I (CCI ), 86.42 NCHU j i 2 

loCH CHCH 2 2 ). 64.43 (CH 2 CH 2 0), 60,3 ^(NCH) 56 1 (OCH • ^^^^ ^^ Vo^,. 

^-Hydroxy-B^-nu^^ 

1 H-benzo(e]pyrrolo[2,1-a][1 ,4]diazepin-8-yloxypropanolc acid (159) 

7.22 (S.1H.OCCHCN), 7.01 (OH.MeOCCHC) jM7(b -^^^f ' d ,™ j 7 „, C u ^O), 3 SH", 

aiJ^^aj^TOK^* 2859 ™ H * ) - 2308 

40 (CH 2 CH 2 0) 

5^ YM-P grh v^ ro1 'PY rrotvM ' pro p anone (161)<see F>9 " re 28? 



45 [0339] 



N , 

O 



MeO 
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. M1aSV-2 3 5,10,11,11a-hexshydro- 

26 02. 24.42 (various N-(X)CH 2 ), 23.04 ^ n 2^ n 2 /• 
^ D _»_._. o-m/oN iQ9f^ 126(18198(6). 



T5 



20 



25 



1-pyrrolyM-propanone (161) 

Method A. v(3 -cl,methytominopropyl)- 
,03,1, To a solution of 160 (100 mg. 0. 1 64 mmo.) in and ihe reaction stirred .or 18 

cm .enrbodiimide hydroch.oride (38 mg. 0.2 rnmo ) ^^£°J^ wB , water (3 x 50 mL). saturated sod,urn 
h . The mixture was then di.ute with ^.orornothano { m and ^ ^ ^ ^ product pun ad by 



mg, 40%) 
30 Method B: 



35 



Meth ° d B ' . it ™m was added i-(3-dimethylaminopropyl)- 

[0342, To a sofution o. 160 (100 mg. 0,64 mmo,) in was then treated 

1 Scarbodiimide hydroch.oride (38 mg. 0.2 ^ "^"^ 0 J^ ^ ^ laMi^uW.TI* ^ 
wlSabutylammonium fluoride (200 pL of a 1 .0 M sohi. on « THF 02 mm ^ ^ ^ djchloromet ^ 

was*^^ 

ane (100 mL) and washed wi.h water (3 x 50 ^ — sh cnrornalogra phy elating w,th 5% methane. 



40 Method C 



45 



50 



55 



.v tuc ,o m i > was added 1 M ammonium acetate solution (2 mL) and 
,0343, To a so.ution of 160 (56 mg. 0.1 mmol) «THF ^^^J (0 . 5 mmol , 62.4 mg) and the reaction was 
ne reaction mixture stirred. To the so.uhon ^^.^^/J^e (20 mL). The so.ution was dned w h 
stirred for 90 minutes. The reaction was hliered and driuted wrth etny ^ chromalograpny elullng 

Tgnelm su.phate and the so.ven, removed m "~^Z^%\m - 21 mg. 56%). <H NMF . (CDQ, : 

2 5% methanoHn dlch.orome.hane to give . he compound •^ w J 4i420i2HJ .e*H*.OO<WHW 
5 66 (m 1H. J = 4.39 Hz, N-CH). 7.50 (s. 1 H. a.ontXH) 6_88 (s 1H Mm , OOCCH C h 2 ), 2.28-2.33 (m 2H 

3 92 s. 3H. OCH 3 ), 3.90-3.44 (n, 5H, CO) 164.65 (CON). 162.43 (imine CH) 150 52 
NrH CH,1 2 |0-1.87(m,8H.C-ring+pyrrolidineCH2). ' &4 jarom . C H). 110.61 arom. CH). 65.20 

(COCH 2 Ct. 2) . 140.76 («^- ^^e^ 62 26 06.24.54.,CH 2 ),24,9(COCH 2 CH,) 
COChJcH,,. 56.21 ^ Oi). (2). 70 (5). 55 (3); 

MS (El)' m/o (relative intensity): 371 (M* ,10). puj. 
r 0 rC 20 H 15 O 4 N 3 = 371.1845. found 371.1788. 
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8- yloxvV1-piperidino-1-pro panone (163) (see Figure 28) 



[0344] 



10 



15 



20 



25 



30 




stored (or 1h. To the reaction was added p.pend.ne (25 uL OZ mmoO ^ eluting with 5% methanol in 

solvent was then removed in vacuo and the compound punhed b fla* ch Tomatog p y « OCCHCN) , 
dich.oromethane ,o give the product as a yellov* ,0,1 , £d = 94 mg 84 A) H NMR (CD ^ (m , 
6.90 (s, 1H. MeOCCHC), 5.65 (d. 1H, J - ?-™'™°**>' " ch 3 ^3 45 (m. 6H. NCH 2 . piperidine-N(CH 2 ) 2 ), 
4H. CHOH ♦ CH 2 CH 2 0), 3.91 (s 3H . OCH 3 ) 3 .7*3*7 (m ^ H NOT . ^J^J,^.. «c NMR (CDCy- 
2.99-2.83 (m, 2H, CH 2 CH z O). 2.13-2.00 (m, 4H. UCH 2 C "l™£*'. ~ * C OCH,CH,) 1 27.74 (arom. CN), 125.94 
& 168.22(LdeCO),167.11 (COM). 1 M J» (OCO) .1 (CH 2 -TROC). 65.38 

(CCOM). 114.19 (arom. CH), 110.44 (arom. CH). 95 .05 <CC«. 86 JB V * 2548i 34.44 (various N-(X)CH 2 ), 
CH 2 CH 2 0>.. 60.33 (NCH), 56.08 (OCH3). ^J^^^S^,^,, 246 (1), 192 (4). 140 (32). 113 

3-^ethoxy.s^ 



i.propanone (163) 



35 



40 



»x • -rue /q mi ^ wa<; added 1 M ammonium acetate solution (2 ml) 
(0346) To a solution of 162 (94 mg, 0.162 mmol) ,n THF p mL) was added 1 M ^ ^ rcactjon 

and the reaction mixture stirred. To the ^^^^Le (20 mL). The solution was dried 

was stirred lor 90 minutes. The reaction was hltered and (Muted \*m> einyi i chroma tography 

with magnesium sulphate and the solvent removed J < whUe solW Jeld = 25 mg. 39%). m NMR 

eluling with 5% methanol in dichloromethane o g.ve .the compound as whrtc s ( y (t> 2H . J = 7.14 Hz. 

(CDCU). 5 7.67 (d, 1H, J = 4.4 Hz, N=CH). 7.51 (s, 1H. OCCHCN), 6.8 I (8 1H. M 7 C H 2 CH 2 0), 

CH 2 CH 2 O).3.93 ( s,3H,OCH3).3.90-3.44(m,5H H NCH n N^ 

2.33-2.29 (m, 2H. C-ring CH 2 ), 2.11-2.02 (m. 2H C-nng 62 V59 m ' b 6 [ ( P CO CH 2 CH 2 ). 140.70 (arom. CN), 

5 168.19 (amide CO), 164.66 (imine CH), 162.43 <W J^&y, 53.73 (NCH), 46.70, 46.39, 

120.31 (CCON). 111.51 (arom. CH). 110.58 ^"^^ffigflw-. MS (3) m/e (relative intensity): 385 



385.2058. 
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[1.2-a1[1,4]diazepin-8-yloxyM-propanone (165 ) (see Figure 28) 



[03471 



5 



70 



15 



20 



25 



3D 



35 



40 




-(11aS)-2j,5,10,11 > 11a-hex a hydro-1H-benzo[e]pyrrolol2,1-a][1,4]dia 2e p.n-8-yloxy-1-propanone(164) 

[0348] Toasolu.ion 0.159 (100 mg, 0.196mmol) In DMF was added ,-,3-dlrrielhy.aminopro^ 
hydrochloride (44 mg, 0.23mmol) and 4-(dime.hylamino) P y.idine (5 mg, 0.04 mmol) and .he solution stirred for lh_To 
J fSZ was added indoline (27.4 mg, 0.23 mmol) and the reaction stirred tor a further 8h. The solvent was then 
emove in vacuo ana the compound purified by f>ash chromatography eluting with 5% methanol ,n , 
to give the product as a yeliow oi. (yieid . 71 mg, 61%). 1 H-NMR (CDCy: i 1^9-2. 2 ! (m J^CH.CH 3. 20 
(t.J = 8.42H 2 ,CH 2 CH 2 O).3.71-5.00,(m.4H,NCH 2 .NCH,CHOH ) ,3.89(s3HOCH 3 ) 

4 27 (d, 2H. J = 11 90 Hz, indolcCH 2 ). 4.43 (t, J = 6.23 Hz, CH 2 CH 2 0), 5.16 (d, 1H. J - .11 A Hz Tr^-CH,), 6 SO 
(s 1H OH), 5.66 (d, 1H, J = 9.89 Hz TrOC-CH 2 ), 7.20-6.93 (m, 5H, indole-CH, arom C H), 8 . 8 (d, H. I=_ 8^25 Hz 
indole-CH); 13 C-NMR (CDC W : 6 168.24 (CON), 166.97 (CON), 154.36(OCO), 14 ™'~^^f™££ 
132 14, 131 .99 (indolyl ring junction), 128.61 , 128.43 (indole-CH), 127.52, (area, CN 124*1 [CCOM) 11<L20 (arom. 
rm 110 58 (arom CH) 95 02 (CCL) 86 43 (NCHCHOH), 75.01 ((TrOC-CH), 64.89 (CH 2 CH z O). 60.13 (NCH) 56.11 
^S^^S^S^ 35.64, 28 64, 27.97, (CH 2 ), 23.03 (CH CH O] , MS (EQ m/z (re.ahve ,n- 
Lty) = 595 (M* 1). 415 (1). 365 (1). 246 (2). 192 (13), 174 (11). 173 (7). 119 17). 118 (10 . 70 (13). 
V*£ .soJdo.ine<2,3.^ h ydro.1».isoindo.^ 

(bs, 1H, NH), ,3 C NMR (CDCI 3 ): 6 140.37. 140.36 (ring junctions), 127.15, 126.90, 122.60, 122.51 122.33 (arom.i. ,. 
52.31 (CH 2 ). 

1,(2,3^hydro-1*indolyl)-3-(7-methoxy-5-ox y <11aS^ 
diazepin-8-y1oxy)-1-propanone (165) 

rrmoi To a solution of 164 (71 mg 0 116 mmol) in THF (3 mL) was added 1 M ammonium acetate solution (2 ml) 
Ke 2£££ To 9 the sofution Jas added 1 0% Cd*b couple ^ ( ^^^^Z 

was stirred for 90 minutes. The reaction was littered and diluted with ethyl acetate ^) Jte »hfl on was dned 
I h magnesium sulphate and the sotven, removed in vacuo. The product as then ™ <^r**£ 
eluting with 5% methanol in dichlorome.hane to give the compound as a whrte sol. Myreld 26 mg 54 ^ H NMR 
<rnrivS7fifiid 1H J-458H2 CH=N), 7.50 (s, arom. CH), 7.19 (m, 4H indolyl arom. CH), 6.91 (s, 1H, arom .K,n , 

^^^^^^^^^ 

168 31 (amide CO) 164 61 (CON). 162.47. (imine CH), 147.59 (COCH 2 CH 2 ), 140.70 (arom. CN). 127.53 12459 
23 87 Solyl alom CH) 120 44 (CCON). 117.03 (indolyl arom. CH). 11.56 (arom. CH), 110.6. (^^64.80 

(NCH), 48.11. 46.69. 35.50, 29.60, 28.67, 28.00 (CH 2 ). 24,9 ,COCH 2 CH 2 ). 
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Co. 

-(11aSh2,3,5,10,11.11a-hexahydro-1H-ben2o[e]pyrrolol2,1-a] [1.4]dia Z ep » y y 

UocNoride (44 mg, 0.23 mmol) and ^P'^^^ iTc, S« Bh. The sorvent was ,hcn 
I reaction was added indo.ine (27.4 ^"^^ZZv S 5% methanol in dich.oromethane 
removed in vacuo and the compound punfied by ''^ c ™ l ^rap J 9 . soindole arom ... arom . 

,o give .he product as aye.low oil (yietd^ 75 mg 64%)^H ^ / ^ [ (d , 1H , j . 9 . 7 Hz. T.OCCH,). 

CH). 6.91 (s. 1 H, arom CH), 5.66 (d, 1 H J - 9 .7 Hz TnOC-CH^ 5.30 H ), ^ ^ (d1KJ= „ 91 
4.94 (m, 2H. iso i ndoly.CH 2 ),4.79 (s 2H \ «^' C ^ 4 ^ ^"l 98{m , 4 H.NCH 2 CH 2 CH 2 ); "C-NMR (CDC!,): 
Hz,C11-H).3.8l-3.40(2H,NCH 2 ).3.02^^ 

5 169.17 (CON), 167.02 (CON). 154.27 (000)^49.91 (COCH,) £ B «£ ^'(arom. CH). 110.54 (arom. CH). 
junction). 128.61, 127.88 (i S oindoly.CH), 127.78(aron,.CN) ^-^^J' ' 56 05 (0 CH 3 ). 52.14, 52.81 

95.09 (eCU. 8651 (NCHCHOH), 74.98 (J^^H ) 6521 fWg^^WMS m/z \ rela ,le intensity): = 

OH i.e. C 27 H 27 N 3 0 6 Ct 3 - 595.1044 
diazepin-8-yloxy)-1-propanone(167) 

in ™c it ml 1 was added 1 M ammonium acelate solution (2 mL) 
[0353] To a solution of 166 (75 mg, 0.122 mmol) .n W3 jL) ^™ „ mmol , 76 mg) and the reaction 
Ld the reaction mixture stirred. To the ^^^^^J^L (20 mL). The solution was dried 
was stirred for 90 minutes. The reaction was filtered and diluted wthe, y ' r , edby „ash chromatography 

with magnesium sulphate and .he so.vent removed ,n vacuo. The pro uct wa ^ « * , H NMR 

Sng with 5% methanol in *""^ 7 »j££Z^ ?£ JS^S^ CH), 6.89 (s. 1H, arom 
(CDCI 3 ). 6 7.66 (d, 2H, J = 4.39 Hz, N=CH), 7.48 (s 1H J arom. CH) 7_30( . J ^ ^ (m 1H _ 

CH). 4 3 .48 (t, 3H, J = 659 Hz, COCH.CH ), 3.84 S 3H OCH* ™ ^69 (m 2 » 13c NMR 

NCH), 2.97 (p, 5H. J = 6.9 Hz, CH^O) 2 ^^^^S {COC ^. 147.63 (COCH^H,), 140.57, 
(CDCI3) 6 169.29 (amide CO), 164.66 (,m,ne CH . 16252 (CON , 150 M * CH 11Q 53 (arorn . 

arom CN), 127.86,127.56, 123.04, 122.62 (>ndoyla f om ^ ^ 46 70 34 22 29 57 CH 2 ). 24.18 (COCH 2 CH 2 ); 

U.65,6(COCH 2 CH 2 ),56 ; 06(COCH3)^ 

MS (El): m7e (relative intensity): 419 (M + , 21), 4io iz/, hio v /. 

C 24 H 25 0 4 N 3 = 419.1845, found 419.1821 . 

Synthesis of N-(tert-butoxycarbony1)-3-hydroxypropylamine (196) 
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, 70 mL). sat. aqueous MaHC0 3 (70 mL), brine (2 . TOnJJ-J ^^^T^O^H SSST^SS 
evaporation under reduced pressure to gjve a vscous colouMess od( 9 ) ( 9 = g ^ ^ Hz „ r) 3 7f$ (d , 
5 1.44 (s. 9H. CH 3 ), 167 (m, 2H, HT). 3.26 (q f = ^23 H ^ M I 3? , m 59 3 

1H, J = 6.04, 5.87 Hz, OH), 5.18 (br, 1H, NH); 13 C ^. '^7_g.J^^yg^+. 3Q) 120 (100), 119 (31), 102(49), 83 (33), 
(CV), 79.4 <C qual „). 157.1 ,C=0); MS (E/l) m* J**J '^^^^oo obsd i 175.1208; «R (Nu^) n: (cm- ) 

Synthesis o, Methy. 4. t N.( t e rt -butoKyc a rbony l )]aminopropy.ox V .3.r n et h ox y ben 2 oate (198) 
,0355, Aso,utiono,OEAO(18,g,05.3mrn.^ 

LirJsolu.iono.lriphenyl P hos P hmo(27.6 g , ^T^^^^^'^'^^^T 
1-propanol (196) (1 8.4 g, 105.3 mmol) ,n ^^^^^^ure overnight and the progress of the 
DEAD was added the reaction mixture was allowed ^ |[ ^g moved b y evaporation under reduced pres- 

reacttonwasrooniloredbyTLC^ 

sure and the residue was triturated w,th Et,0 (300 ^^^^^ NaOH (150 mt), H 2 D (2 x 150 mL), brine 
which were removed by nitration. The Mirate under reduced pressure and the 

(2 x 150 mL) and dried over MgS0 4 . Excess solvent removed by * P a bejge ^ (30 g , 85 

crude product (198) was purified by ^^f^J^I^ <- 2H. H2% 3.38 (dd, 2H, J = 5.68 
%) . mp = 79-82 -C; 'H-NMR (CDCI3, ^Hz>: 6 1 _46 (s, 9H C r« 2 ^ ^ ^ & ^ ^ ^ NH), 6.86 

6.04 Hz W). 3.90 (s, 3H. OC»W 3 93 ?^'? 5 /dd 1H J= 2 02, 8.42 Hz, HB); 13 C-NMR (COCI3, 68.7 

(d , 1H, ^ 8.42 HZ..H5), 7.55 (d. 1H. J - 1.B3 Hz J 7.65 (dd 1 L J20 ^ ^ 

MHz): 8 28.5 <C prir J, 29.2 (C2T). 38.9 ,^2.0 <*>W * ° 5 ^ 0) , 1 6 L (C=0); MS (E/l) mft (relative 
112.0 (C2). 122.84 (C atom ), 123.5 (C6) 14M (£nJ^ ^VrMS E/l) exact mass ca.cd (or C„H 25 N0 6 : m* 
intensity): 339 (M-. 11). 266 (13), 182 (42), 161 (27). «B W ( > ^ ^ 1464 1377 , 127 2, 

339 1682. obsd mfe 339.1733; IR (Nu|Ot°) n. (cm i) 3362, 2923, 
1217, 1132, 1045, 1022, 872, 780, 762, 722. 

Synthesis of Methy. A.Aminopropy.oxy-S-methoxy-S-n.trobenzoate (199) 
,0355, Thees,er19S(4.0 g ,1,8 m m Ol) wasaddedins = 

9 0. substrate) at room temperature and the reaction - was a .owe ^ » ^ an(J 15 g Q , iced watcr 

revealed the complete .oss of starting matenal The ^™ ^ uum ma(ton and washed with small amount 

W as added, precipitating the product The > " J ^^^^Ts collected by vacuum filtratton and washed 

of iced water. The filtrate was cooled and a ^^^^T^ cornpoun d 199 as a yellow solid, whK* was 
with iced water. The combined precipitate was dried m P OVKJe comp ^ 

L purilied further, but used directly in the ^sequ e nUe a ct,on (2.3 g. J M- mp ^ ^ ^ ( , 

DMSO-^, 270 MHZ): 52.31 (m, 2H, H2") 3-20 br, 2H. « ), 8.96J. 3H, ^gj-*^ 68 . 7 MHz) : 6 26.5 (C2) 
2H, J=SM HZ, HI"), 7.11 (S, 1H, HB). 7.49 (s 1H H3), 8.2 (S 3^NH 140 i (C2), 149.3 

2B4.1018; IR (Nu]0l 6 ) n: (cm ')3472, ^J/.^n,^, 
812, 792, 773, 756 r 724,646. 

l0357] A solution o, 199 (3.9 g, 11 .2 mmo„ and KOH (1 SLtStf 
mL H 2 0) was heated at reflux for 90 mmu.es. At when time TLC (E'°^ ced sure and , hc con- 

co sumption o, starting materia,. Excess MeOH was J^^SEJSn cone. HCI, diluted with THE (100 mL) 
centrate diMed With H 2 Q (20 mL). The ^^"^.^^.o P H 9. Fluorenylmethy. ch.oro.ormate 00 
a „d sodium carbonate (2.9 g, 27.9 "™"™^*" a « ^ ^solution and the reaction mix.ure was a.lowed fo 
9.11.6 mmol) was added port.onw.se over 3 I minutes to the base ^ ^ (ract|0n 

! ir for 12 hours. Excess THE was removed by ^« , " n rc U ^^ chlo ^ lonnale and related by-products. The 
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react- (4,, 86%). 

™ OCHJ 4 08-4.23 (m, 3H, HY + Fmoc CH), 4.49 <a *n. j Hz Fmoc ), 9.62 (s. 

H 2 6°?4? (m , 5H. Fmoc aty1 ♦ H». (d. 2H U-7, 51 * - £ ™ ^ ^ ^3 ^ 

1 H CO„HV 13 C-NMR (CDCI3, 68.7 MHz): 5 8 8 (C2). 39.1 I" »• * 128 „ (C ), 137.O (C alo(0 ), 141 .3 

68 5 (Cn 107.9 (C3), 111.1 (OB). 120.0, 124.9, 127. and 127.7 (CH Fmoc ) ^ m (FAB) ^(relative 
<C Fmoc ,), 143 8 (C Fmoc alvl ), 148.2 (C aro J, ^^^If.f^ m (67), 165 (30), 102 (17), 93 (13); HRN1S 

Sv.hesisol.S)-*^^ 

pyrrolidine-2-methanoM201) ^ 
tOOSS, Aca,a ty «camoun1o f D M F<2^ 

and oxalyl chloride (2.3 g, 17.9 mmol) in anh * dr ° U * £ o1 acid chloride was cooledlo 0"C l"*"*™* 

The reaction mixture was stirred for 16 hours and he ««J \***" an(j D , pEA (4 . 6 g , 35.77 mmol) « 

under a nitrogen atmosphere. A solution of pyrrotldtnememano 1 0 JB ^ e ^ rcacllon , ure 

anhydrous DCM (40 mL) was added ^^Z^JZl^ 2 hours, at which rimeTLC (95% ElOAc/ 
was allowed to warm to room temperature. t "^ washed with 1 N aqueous HCI (2 x 100 mL) H 2 0 (2 x 

MeOH) revealed complete reaction. The «^ B m ^££S rernoved by evaporation under reduced pressure 

t0 affordthecrude expound asabrowno... CHCb) . mp . 78 -8l -C; 'H-MMR I CDO, 2 TO M Hz )JJ 
201 as a beige solid (5.6 g, 82%). M»„ = "533 (C - 1 aw. 3 3 8 , (s 3H _ QCH,), 3 86 ,3.91 

1 69 1 88 (m 4H. W - H3), 2.04-2.12 (m, 2H, «1. 3.16 (m, 2H «), 3_4bt . . ^ 1 R ^ 6 ?8 (8i 

m 2H C^-OH)', 4.08-4,4 (m. 3H, Hf ♦ Fmoc C*. • - « 8J, 3H. « ^m^) 

1H H6 ) 7 27-7.42 (m, 5H, H3 a[om + Fmoc ary1 ), 7.61 ^ j (C3 ^ 47 , 3 (C H Fmoc), 49.5 (C5). 
1 F H mo ^3C-MMR (COC, 6.7 ^^^SiSi iS^ S^l*. 

f 2 7 0^277(C^Fmoc^ 

576.2257; !R (Nujol°) n: (cm 1 ) 2626. 1714, 1615. 157b, 

759, 742. _ 

pyrrolidines-methanol (202) M «nnaoo 

,v ^ c„ru;>H O (1 0 2 q, 45.4 mmol) tn MeOH (100 
T03591 A mixture of the nitro compound 201 (5.5 g, 9.5 ^'^J^^cHCyMeOH). After 2 hours excess 
Sashed alrelluxand the progress o« the reaclK»n ^^^^^^Sfdue was cooled t ice), and treated care- 
loH was removed by evaporaUon under reduced ^^"^^ EtOAc (170 mL) and after 16 hours 

stirring at room temperature the inorgan.c W^^"^ and evaporated in vacuo to g.ve a brown^ solKL 
separated, washed with brine (1 50 mL), "g&jEi*! ,ne P Ure ^ 202 ** * VZTlS Sfl 

Purification by Hash co.umn chro rWjl^ ,H-NMR (CDC 3 . 270 MHz): 5 1 68-1 .86 (m ^ 
(4.3 g, 82%). M*>o = -78 6° (c = 1 ^^HC^ mp - 83 86 C ^ 3H ^ 3T2-3 78 (m, 2H 

H3) 2 00-2.04 (m, 2H, H2'), 3.43-3.45 (m, 2H. H3>. 3-« ^JJ ^ Q 4 44 (m , 3H , H2 ♦ Fmoc CH 2 ). 5.92 

CHj-OH), 4.04 !,, 2H, J- 5.58 «,.«!.« J. 1H. = « Fmcc ^^(AftJ-^.J^ 
(br 1H NH).6.23(s, 1H, H3 arom ), 6.71 (s, 1H, *,„*). ^ * (C 4) 28.6 (C3). 29.1 (C2), 39 5 

7 75 (d. 2H> 7.33 Hz, Fmoc aly1 ) ; ^-NMR (CDC ^ « ^ ^ 68.0 (CV), 102.0 (C3 V 111 * 

,rZ Lnr"> S1 0 (C51 56.6 (OCH 3 ). 60.4 (C2), 61.1 (CH 2 -OH) . W>.« ^ 2 Fmoc a ^,). 144.0 (C 

S ) 20 0 Si- 127.0 and 3 127.7 (CH Fmoc aryl ). -«(U J FAB) m/z (relate intensity): 

(M4 H) : m/e 546 2526 obsd m/e 546.2532, ik ^ujo. / 
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,0330, A solution o, the amine 202 (,1 , ™ £ "Ira 553 

rea.ed with pyridine (0.33 mL, 0.3 g, 4.1 mmol). A sol ut»n o T ^ h, «' C reacljon mixture was a | l0 wed .o warm 
in DCM (1 0 mL) was added dropwise over 30 minutes to he .1 *"^"«""- ™ e |ete loss 0 , startin9 

to room\cmpcra.ure and stirred .or a further 3 , h. urs a ^ hu« UC ,E OAc) «- ^ P ^ ^ ^ 
materia.. The reac.ion mixture was washed with " 

MgS0 4 . filtered and evaporated /n vacuo. ^ oc ^™ 8 ^^^f 1 1 " 74%) W» 0 - -35 7° (c = 0.87.CHCI 3 ); 
M 9 eOH) to afford the P™******?^ ™Z £ ^,1^ i £ W «. »>. 3.44-3.54 
m P = 54-57'C; 'H-NMR (CDC 3 , 27r, MHz^ ^-J*^ 9 J'^^ 4 ,4.4.35 (m, 3H. HT+ Fmoc CH), 4.43-4.45 (m. 
(m. 4H. H3- v «). 3.72 (s, 3H, OCh 3 ), 3.B1-3.90 (m. 2H CH2 OH). Troc CH } 5 89 (b , 1H , Fmoc 

3H, Fmoc CH ? + H2) : 4 76 (d, 1H, J= 12.00 Hz, Tree CH,) 4 _8 (d 1H J « • | ^ ? 75 

NH). 6.82 (S, 1H. H6 arom ), 7.26-7.41 (m, 4H J^^ 7 *^^ 68 7 MHz): 5 25.0 (C4), 28.2 (C3), 28.9 
Id, 2H. J- 7.51 Hz, Fmoc ary1 ). 9.06 (br s, 1H, r«C NJO . C-MMR_ t C £'* . ^ {CH p moc) . M .2 (CI'). 

«>■ 39.5 <«•), 47.3 ,CH Fmoc,, 51 .4 ( C5) 56. OCH3), «J> ^ ™ 127 . 7 (CH^.Fmoc), 130.7 

74 .4 (CH 2 Troc), 95.3 (C quat ), 105.6 (C3„J. 1107 <C6 ), 120.0, IZS^. ^o^JL TlOC). 156.5 

tr ) 141 3 (C_, Fmoc), 144.0 C , Fmoc). 144.5 (C arom ), 15U.U l^won* * 192 (2g) 179 

(C'arom'' lal J *"aiyi '' ' \. ,.0 (fari m/z (relative nlenstly): 720 (M + i.z),z^|t|. «i 

(NC=O carbanlale Frnoc), 170.4 (NG^W . MS FAB " 1464 1378i 1215 , 1170, 1119. 

(100). 166 (13), 102 (48), 70 (10); IR (NujoP) n. (cm ) 3338. 1742, 



1024, 817, 759, 740 



distH.ed DCM ,6.6 mL) was transferred ,0 . , h. >™«™^* n « JSS DCM. 2.0 mmo.) was transferred ,0 the 
under a nitrogen atmosphere. Oxatyl ch.ondc (VO rnl ^ Q (Q 3 mL , 0 . 3 g, 3.9 mmol) in 

, reaction vessel, followed by the dropw.se add.tion over 30 minu es o ^ yg 1 , mmol) disso tved in 

dry DCM ,4.2 mL). After stirring at -45°C for 30 minu es^ «U> - ^ ateoho. 2 ( ^ ^ ^ ^ ^ ^ 45 
dry DCM (6.6 mL) was added dropwise over »JT^- ™ q , 0.8 mmol) in dry DCM (4.2 mL) over 30 
minutes, the mixture was then ^^^^^^^J^ consumption of starting materia. The 
minutes a. -45'C. After 35 minutes, TLC <»^*£ ) rcvea P ^ , N HQ solu „ on 

5 reaction mixture was al.owed to warm to room ^ al ^; ^ in vaC uo. Purification by flash column 
(30 mL), H 2 Q ,30 mL), brine (40 mL), dned ^«^^^J^Ee»4 as a brown solid (0.48 g. 78%). [«P 0 
chromatography (97% CHC^^ 

, 4-62.3- (c = 0.83, CHCI3) ; mp = 76-79°C; 'H-NMR (O DCfe, 270 WHz) 5 2 .00 1 w+ ^ ^ 

,m, 3H, H3' + «l1a), 3.66-3.73 (m. 2H, «3) 37 . (s 3H, OC/J , 4^0 4.32 (m. ^ ^ ^ (fcf 

,0 4 44 (d, 2H, J = 6.78 Hi. Fmoc CH 2 ), 5.25 «J, 1H J = 12.00 Hz Tro C^), & ^ Fm0 - ). 7.75 (d, 2H, J =7.51 
1H NH). 6.82 (s, 1H, H6). 7.23-7.41 (m. 5H. H9 ♦ Fmoc ,), 7.61 d^H, ^ 3 ^ 2 ^ ^ 473 (CH FmoC ), 
Hz! Fmoc oryl ) ; 13 C-NMR (CDCI3, 68-7 MHz) 823^0 (C2). 28.6 C^8M ^ ^ (C6) , „ a * 

56.0 (OCH3), 60.0 IC11B). 66.4 ,CH 2 Fmoc), 68.3 W£** W™' 9 , c \ 4 1.3 ( c£, Fmoc), 143.9 (C ory1 
(C9), 120.0, 125.1. 127.0 and 127.7 (C-H^, Fmoc), 128.8 I Fm0 ^, 167.0 (04^.); MS 

S y n1he S ,oM11aS)8-(N-9-«uo r eny.me th oxyc a r b on y , a m,opro P y,xy-7-met„ox y -1, 2 ,,1a^^ 
50 pyrrolo[2,1-c]n ,4]bcnzodiazepin-5-one (205) 

[03 e 2l Vc,,ow,ad,,)ox i do (5 00mg.2,4mmo r asd te so r d,50% 

LdeJ stowty to a vigorously stirred suspension of ''^^^^^l, carefully. After 20 minutes, the 
cad m,um darxened as lead deposited on the surface ^ •^ET^ dried /vacuo. The lumps were crushed 
55 solid couple was tillered under vacuum, washed with H z O and aceion 

a nd stored in a closed vial. dd d in one poni on to a solution o! the 
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temperature. The reaction mixture was stirred (or 4 hours, during which time the '^ 0 "^Z?ZTu?Tt^ 
opa ue with a Huffy white precipitate. When reaction was compiete as indeed I by TLC 95^ £££££ 
were removed by filtration through Celite, and the THF removed by evaporator, u "^ h ^ d PTf."";^^ 
cake was washed with several aliquots ol EtOAc. The aqueous layer was extracted with EtOAc (3 x 15 mL) and the 
oShase was drieS over MqS0 4 , filtered and evaporated in vacuo. Purification by flash column chromatography 
ScBC^S) furnished the targe, compound 205 as a brown solid (0.47 g, 90%) which, was repea edty evapo- 
ated in vacuo with CHC, 3 in order to obtain the N10-C11 imine form o. the co^ound . = +385^1 (c - 047 
CHCI 3 ); mp = 73-76°C; 'H-NNIR (CDCI 3 , 270 MHz): 5 2.04-2.06 (m. 4H, H2 +H1), ^ 29 ^' ^fJZ 
<m, 2H m% 367-3.73 (m, 2H. H3>, 3.80 (s, 3H, OCH 3 ).), 3.84-4.23 (m. 4H, H11a + HI I* ^ ? ^^f^ 
2H, Fmoc CH 2 ), 5.92 (br, 1H, NH), 6.82 (s, 1H, H6), 7.29-7.41 (m, 4H. Fmoc ,), 7.5 (s 1H. »). 7^61 (d 2H J - 7 J 
u, r mnr \ 7 fi7 (d 1 H J - 4 40 Hz H11, , ) 7.75 (d, 2H. J = 7.33 Hz, Fmoc ,), 13 C-NMR (CDClg, 68 / MHZ). 

a^S'S«,«(C3», k 4 (CH Fmoc,53.7 
68.3 (CV) .110.2 (C6! 1114^ 120.0 (C-H , Fmoc), 120.5 ftJW ■ 2 ™ «* ^5(^1) 
(C aro J, 14l3Tc 8ryl Fmoc), 144.0 (C a ,i ^oc) ^7 ,C ) 150 

^526 2198 .R (Nujot) n:\cm-1) 3327, 1729, 1690, 1601. 1509. 1427, 1261, 1217. 1023, 759 ; 740, 699. 
Examples 5 to 8 : Cytotoxicity Data 
NCI In Vitro Cytotoxicity Studies 

(03641 The National Cancer Institute (NCI), Bethesda, Maryland, USA has available an in vitro cytotoxicity screen 
ElUL Approximately 60 humL^ 

concentrations each differing 10-fold. A 48 hour continuous exposure protocol ,s used, where cell viabihty or growth 
estimated with an SRB protein assay. 

Method 

r03651 The test compounds were evaluated against approximately 60 human tumour cell lines. The NCI screening 
rc urlswSd^ 

1991 83 757) Briefly cell suspensions were diluted according to the part.cular cell type and the expected ^etce 
Ziiv (SOOO^O 000 ceHs per weii based on cell growth characteristics), and added by pipette (100 pi.) into 96-well 

the intended test concentration were added at time zero in 100 uL aliquots to the wehs. The les »^ u " ds ™* 
evaluated a, live 10-fO.d dilutions (10-, 10 MO* 10- and 10* ^^^^ZZ^^ AoZ 
in 5% C0 2 atmosphere and 100% humidity. The cells were then assayed usmg the sulpherhodam.ne B assay ^ plate 
reader was used to read the optical densities and a microcomputer processed the readings into LC*, values. wh,ch 
the dosage required to kill half ol the cells. , h a,.m whirh te taken to be the 

[0366] The results presented in examples 5 to 8 are LC 50 values wh,ch are below 10pM, which is taken 
dividing line between cytotoxicity and non-cytotoxicity. 

NCI Hollow Fibre Assay for Preliminary In Vivo Testing 

[0367) The Bio,ogical testing Branch of the Developments Therapeutics Program «*£^'Z^£5 n 
nary nvivo screening ,00. for assessing the potential anticancer activ«y of »^^^^^^la 
Wtro cell screen For these assays, human tumour cells are cultivated .n polyv.nyhdene (PVDF) hollow I. b e ^ano a 
samp fo each c e ,M ln e is implanted into each ol two physiologic compartmenls (intraperitoneal 
n mL. Each .est mouse received a total o, 6 fibres ,3 intraperitonea.ly and 3 ^ 
cancer cell lines These mice are treated with potential antitumour compounds at each of 2 test doses by the ™«P» 
'onea. rc e us ng QD x 4 treatment schedule. Vehicle controls consist o, 6 mice receding 
only The fibre culres arc collected on the day following the last day of treatment To assess an.icance r rife*, he 
"able cel. mass is determined ,or each o. the cell lines using a formazyn ^^o^^J^n^ 
%T/Ccan be calculated using the average optica, density of c ^^ lreated ^ P ^^VJ^^7e ^ ^ 
density o. the vehicle controls. In addition, the net increase in cell mass can be ««'™ «J° e Zs th Cytostatic 
sample ol fibre cultures are assessed lor viable cell mass on the day of ,m P tan.a.,on ,nto rn.ce. Thus, the cytostatic 
and cylocidal capacities of the test compound can be assessed. represents a total 

[0368] Generally, each compound is tested against a minimum of 12 human cancercell lines. Th.s represents 
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doses against each of the cel. tines with separate values ^'^STxenognrt models on the basis 
t 0369, Compounds are setected ^^^£^£S%^ » - «"**^ 

o, several hollow (tore assay cn.ena. These MjteWj (inlrape ritoneal drug/subcutaneous cutture) ,n 

(12 cell lines X 2 sites X 2 compound doses); (2) o( , P or more o( the cel. lines in either implant 

a minimum ol 4 of the 24 possible comb.nat.ons.. and/or (3) net cell k. ^ q( g gjvcn 

site. To simplify evaluation, a points system has been ad ^* "J^^™^ m a 50% or greater reduction in 
compound. For this, a value ol 2 is assigned tor each "^^^J^ s0 mat criferia (1 ) and ,2) can 
viable cel. mass. The intraperitoneal and subcutaneous samp.es ^ ^ 'JJ „ ^ ce „ kill o) one or m0 re cel. 
be evaluated. Compounds with a combined IP ♦ SC sco re 01 probability of missing an 

,ines are re.erred for xenograft testing. Th,s companson ndK* ed ha *ere was ry ^ ^ ^ ^ 

active compound if the ho..ow fibre assay was used ^^^^ oI % compound lor xenograft testing 
0 ,hcr factors (e.g. unique structure, mechanism ol acUon) may result hi 
without the compound meeting these criteria. 

NCI Human Xenograft Studies 

oHhe compound, the amount of tumour growth, and the inhibit-on o. growth. 

Pim ple S : In Vitro Cyto toxicity °* compounds of formula I 

„ ,„„„ ^^c^*^*'^™^^™"^^""*™ 
results (LC^uM) are set out below, and are illustrated m Figure 29. 
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[0372J O. the compounds tested, the above showed 

and breast cancer cel. lines. Bep.acing the C8 ^nzy.oxy group ^003< ^ ^ ^ ^ ((jn|y 

42) s.gni..cant.y changed the cytoxici.y profile, acv.ty ^^^^^ was gaine d against the melanoma 
.educed activity against Co.o 205 remained). However. J^^SX^ *, JmDA-MB-435. 
cell lines SKMEL-2 and MALME-3M, the renal cell line RXF-393 and 
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« -i *u i~~km i resulted in increased activity in the 

Region of .ho es.er moiety in UP2003 (24) K " 19Ce " 
lun g cancer cell line NCI-460 and the colon cell l.ne HCC-2998. ^,ona, a y erce)lljne786 _ 0 . In ,erestingty, 

0.5 for UP2052 in the melanoma SK-MEL-2 cell line. 
Example S^lMVi*!! CxtotoxfcMj2L£?!3E^*®L^!!nH!3^ 
fOS^omeofthecompo^^ 

results (LC 50 ;nM) are set out below, and are illustrated « Figure 30. 
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l0 3 741 OUhecompoundstes.ed.thea^ 

CHS. Melanoma. Rena, and Breast cell line panels^ ,n the grou p s ap p ^ ^ ^ 

substituent (UP2004, 70) tor a methoxy group UPWMJ* J nc ^ exhibils 

methoxy analogue is more potent and acts aga.ns. ' J^^^JJ^ the methoxy analogue exhibits activity 
improved activity against the colon cancer cell me Cole 20 , and .n add, , ^ etecuon rjch 

against the rena, cel. line RXF-393 which ,s not ^^^^Sd in sHght a.tenuation of activi.y in some 
dLthoxy A-ring with an iodo substituted aromabc ^^!SSZl^. 5 melanoma cell lines against only 
cell lines, but the analogue showed activ.ty against *j£j%££Z^ J n , rom an alkene to a Ketone (UP2067, 
3 ,or thebenzyloxy analogue). Chang.ng the nature ^^^Ux. rena , „, «ne RXF-393, the melanomas 
172) lead to additional activity against the breast cancer cell "^^^ ^ j ^ nsl , he lungce „ ,ine NC.-H522. 
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Exai 



gp- 6(b ) : Hnlbw Fibre Assa y on Compounds of Formula U 



w 



15 



20 



25 





UP2001 (80) 


UP2004 (70) 


IP score 


40 


8 


SC score 


14 


10 


Total score 
Cell Kill 


54 
V 


18 j 

N 



0 <S lirid*) »«3 0.3 nW*»'°" S>»«" ««• "W '" , 

. 1 i.. nn ,ir nr/«»/lh 



20 controls). 



30 



35 



Tumour 


Toxicity 


%T/C 


%Gr( 


>wlh De 


ilay 




High 


Mid 


Low 


High 


Mid 


LOW 


High 


Mid 


Low 


MDA-MB-435 


3/6 


1/6 


2/6 


loxic 


3 


3 


41 


41 


41 


OVCAR-3 


0/6 


0/6 


0/6 


7 


20 


46 


73 


73 


9 


UACC-62 


0/6 


0/6 


0/6 


22 


| 28 


67 


43 


43 


43 


OVCAR-5 


0 


0/6 


0/6 


52 


45 


38 


16 


28 


32 



40 



45 



50 



55 



gmwlLserVed.ntheCOnlmlp^U.a^ 

was also observed. Some toxicity lowarts ^^,.3 grafts. A. me high oose tumour 

l0 383) A good dose response was ob served torUPWW (80 .n me ^ ^ dose ^ va|(je was 

growth in treated subjects was only 7% of that J^'^^^ si2e 0 . the control tumours. 

Sr=o=St U mour^ 

U dose treated tumours were 22% o. the s.ze o. he c ^' '~ 6?% „ , he si2e 0 , the control tumours. 
28% ol the size ol the control tumours and at Ihc ^ rCa,e0 

Again no mice died as a result ol exposure to UP2001 (W). approximately 50% tumour size reduction 

ever, again, mice died as a result of exposure to UP2001 (80). 
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. MC ♦ MrT>n ,. r qF-2Q5 Athvmic nude mice bearing SF- 
UP2001 (80) was —e, a^U e ^rSi*^*" 



Toxicity 


%T/C 


Tur 


nour Fn 




High 


Med 


Low 


High 


.Med 


I Low 


High 


Med 


Low 


2/6 


1/6 


2/6 


0% 


0% 


0% 


4/4 


5/5 


3/4 



w 



» cjf ?95 xenoaraus Ai nign anu hicuiwm - 

Example 7 : In Vitro Cytotoxicit y ot compounds of Formula II) 

pm „ „, ,. - — i** r tr ~ " - * CI ,n cvwo,fc "' " ,0 * ™ 

results (LC^pM) are set out below, and are illustrated m F.gure 31 . 



TUMOUR TYPE 



30 



40 



45 



50 



55 



CELL-LINE 
DESIGNATION 



Lung 



Colon 



CNS 



Melanoma 



UP2026 (136) 



NCI-H522 



COLO 205 



HCC-2998 



KM12 



SNB-75 



MALME-3M 



LOX IMVl 



M14 



SK-MEL-2 



SK-MEL-28 



SK-MEL-5 



UP2027 (138) 



UP2028(151) UP2068(96) 



7.8 
8.8 
6.4 



6.1 



8.0 



7.8 
7.4 



7.1 



9.5 



9.0 



UACC-257 



UACC-62 



Renal 



Breast 



RXF 393 



HS 578T 



7.7 



6.6 



7.6 



MDA-MB-435 
MDA-N 



6.3 



6.6 



0.8 



5.0 



8.8 



8.5 



82 



5.7 



5.4 



8.1 



0.7 



9.2 



7.2 



8.3 



97 



6.5 



8.1 



96 



6.3 



[0M 01 TheC-,pheny,subs,itu«^^ 

colon, melanoma, renal and breast cancer panels. Interesh gly, un htoo me ^ pgne| ^ 

CNS cel. line panel. However. UP2026 (1 36) was achve aga.ns. ^^l^m as cytoxicity was only observed 
^ m a grouo in the C7 aryl moiety (138) resulted .n increased seieciwijy y / ntroduction of a n itro 

rn7h;; U ngc"elUineNC.:H52 2 . the melanoma cel. line 

group a, C7 completely abolished ^J^^^*^^^ a use Jprodrug with potenlia, use in 
nitro group is reduced to an amine; in th.S way^ ^^2029 (140) m^ght p ^.^ jn ^ (ung colon 

in the lung, melanoma, renal and breast cell line panels. 
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Example 8 : In Vitro cytotoxicity of co mpounds of Formula IV: 

[0391 ] The compounds synthesised in example 4, were subjected to the NCI in Vitro Cytotoxicity study. The results 
(LC 50 ;iiW) are set out below, and are illustrated in Figure 32. 



25 



30 



40 



45 



TUMOUR TYPE 


CELL-LINE DESIGNATION 




UP2008 (167) 




LC^ 


uM) 


Lung 


NCI-H23 




8.9 




NCI-H522 


8.7 




Colon 


HCC-2998 




8.1 


CNS 


SF-295 


8.8 






SF-539 


7.7 




Melanoma 


MALME-3M 


7.5 


6.8 




LOX IMV1 


9.2 






M14 


6.2 


8.4 




SK-MEL-2 


7.6 


6.5 




SK-MEL-28 


6.5 






UACC-257 




71 


Renal 


T RXF 393 


6.8 





,0392, Two o, the -our C8 PBD amides. UP2005 (181) and UP2008 ^-^^^^^^ 

was particularly aclive in the melanoma panel exhbting cytotoxicity against 5 on o 

(167) revealed a slightly different profile being aclive in Ihe lung, colon, and melanoma panets. Aga 

was particularly active in the melanoma panel. 

Example 9: Further results for PB D dimer SJG-136 (UP200t. 80) 

[0393, The compound synthesized in example 2(d) (SJG-,36. ^™^™l»T^T£*. which . incor- 
[0394J The tirs. assay, which is described ,n G.B.Jones. * a/., ^CmJ^ Dcs ™ ^ . . 

Si is S. «o~» «*» pup». «« 1.0 *^^ C ^X™»C^ 

0011 ForcslimymusONA.lpH700iO.01.ll.sm.llinglowml.io.i67.83l006gin.ear.. 

thymus DNA by an unprecedented 33.6°C alter mcubation lor 1 8 hours at 37°U. unaer .ae 
unsubstituted dlmer DSB-120: 



so 



55 




DSB-120 
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„ ™ fin aw of its stabilising effect without prior incubation, suggesting 



JO 




NteO' 



Tomamycin 



:?0 



35 



40 



Compound 


induced AT m (°C) afler incubation at 37 C tor 


Oh 


4h 


18h 


SJG-136 (80) 


25.7 


31 .9 


33.6 


j DSB-120 


10.2 


13.1 


15.1 


I Tomamycin 


0.97 


238 


2.56 



[0398] 



to date according to this particular assay ovarjan carcin oma cell line A2780 

a/.. Sr. J. Cancer. 1994, 70, 48). H a ,inc the cells with the compounds for 96 hours at 37»C, and as- 

.0400] The results, which were obta.ned by .ncubatmg the cells «to n k 
sessing the cell number using Su.forhodamine B, are presented rn the table 





ICso 0 UiM) tor 






A2780 


A2780cis R 


RF b 


SJG-136 (80) 


0.000023 


0.000024 


1.1 


DSB-120 


0.0072 


0.21 


29.2 


Cisplatin 


0.265 


8.4 


32 



45 



50 



55 



a Dose of compounds required to inhibit cell growth by 50% compared with control 
b RF is the resistance factor (IC W resistant/parent) 

The ,c„ — » a. * . «. - - . - j**; ;sr rs= 

compared » DSB-120 (1C. . « «». «o» »«' £ rLepe.ee. » «*, eel, M »«» = »«» «e» 
,«„,,„, A27BOcisR (IC - 0.21 "*>. .» ™ , We ,.«», Uh DSB-.20aed e M l*n 

r.= rirrr^rr^p,,, - - - - — - - 

potential in the treatment of cisplatin-refractory dtsease. 
Example 10: Parian Carcino "" Cytotoxicity Assay 
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10 
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l04 03, 9 Single viablcce.ls were seeded P*r to adding 
overniqht The PBDs were then d.ssolved in DMSO (lo give M mw a s 5 nM as (o „ ows: 

100 25 10, 2.5, 1 »M. 250, 100, 25. 10, 2.5 nM (drugs were «M«V" was removed and 

existing well volume of 1 60 „L to give tin*, concentrates as above)_ AM 96 hours « ^ ^ washed 

S lriningce»s Hxed by exposure to .^^^^^ B (0.4%) disserved in 1% 

3-4 times with tap water, air dried ovem.gh an * 1 ^ were washeo 3.4 times with 1% acetic 

acetic acid. Staining was «ere then shaken and absorbance readings at 

acid, air dried and then added to Tns base ( 100 pLo 10 rtftP a«e ((ware gge ^ |C5o values were cal . 

(a) Compounds oi Formula I 
[0404] 



20 



25 



30 



35 



40 



45 





IC 60 UiM) 






Compound 


A2780 


A2780cisR 


CH1 


CHIcisR 


Skov3 


Anthramycin 


0.155 


0.16 


0.062 


0.05 


0.16 


UP2003 (24) 


0.0145 


0.12 


0.016 


0.04 


0.012 


UP2051 (31) 


0.1 


0.27 


0.105 


0.16 


0.46 


UP2052 (33) 


007 


0.105 


0.09 


0.037 


0.105 


UP2053 (56) 


0.0054 


0.05B 


0.0115 


0.011 


0.1 


UP2065 (42) 


0.36 


0.46 


0.115 


0.15 


0.45 


UP2074(10) 


0.155 


0.43 


0.105 


027 


0.52 


UP2089 (177) 


0.0022 


0.0042 


<0.0025 


0.0023 


0.0054 


UP2092(179) 


0.004 


0.007 


0.0016 


0.0082 


0.0098 


UP2095(181) 


<0.05 


<0.05 


<0.05 


<0.05 


<0.05 



10405] The most potent ^^^^^^^JpaS (181). Without wishing to be bound by theory, 
at the 2 position of the PBD: UP2089 (177), UP2092 (179) and I UPZ0» > unsatura „ on 

;..~~ir,A nnrln n\tn unsatUration. . „.\u, ehmiu hinh cvto- 



also possesses conjugated endo exo "^aturation^ ^ ^ gGnerdl|y show high cyto- 

10406] PBD dimers are able to cross-link DNA and block Rumour ce P ^ these ^ man ce „ 

toxicity. The PBD dimer UP2053, ' c *^ S ^^air^^i n IhTS^^V^Sn^ rifo^a^p^^B^ 1 * as ^e monomers UP2089 and 2092. 
Dma. The dimer is markedly more cytotoxic than "«^2^*£^ fl only e ndo unsaturate, these molecules 
l0 407] The remaining mo.ecu.es 0. Formu a M hajo ™™^™ZnlJ^oX UP2053 are more potent than 
are broadly comparable with anthramycin. However, the ester U^u 
anthramycin against these ovarian tumour cell lines. 



50 



55 
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(b) compounds of Formula U 
[0408] 



10 




[0409] Com| 



.pound UP2100 (207) has the structural; formula: 



OnO. 



MeO 




30 



35 



40 



45 



and was synlhesfeed by the same route as compound m QSS lhe ovaria n tumour cell line panel. 

UP2001 Markedly more potent than UP2053 agajnst lhe ovarian tumour celHmes 

(0411, TnernonomercUPaOOA^ 
comparable to Ijat for anthramyem. UP20 23 (64), wwc P 
UP2004 (70), which contains two alkoxy groups at me i v 

(c) Compounds oi Formula III 

[04121 



so 



55 




98 



to 



f5 



20 
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(continued) 









Compound 


A2780 


A2780cisR 


| CH1 


CHIcisR | Skov3 


UP2086 (120) 


0.84 


0.45 


| 1.6 


2.2 


1 25 



[0 413, UPZ025 is the most potent — er with two me hex JJ^JSSo^upSw,. 
Lme compounds with 3 electron ^f^^^^TmS^r^ in .he ovarian tumour eel, tines. 
,0414] The simplcpheny, subsisted ^^^^^S^ "™ s (13B> M ^ ^ 

ntrodudng an electron donating me'.noxy group Mo the 
ence of an electron withdrawing nitro group reduces cytotoxK actwrty O u) 

fd) Compounds ol Formula IV 



[0415] 



25 



30 





ICso/u-M 






Compound 


A2780 


A2780cisR 


CH1 


CHIcisR 


Skov3 


UP2005 (161) 


1.5 


4.3 


1.4 


1.85 


5.4 


j UP2O06(163) 


3.2 


14.5 


4.9 


7.9 


23.5 


UP2007 (165) 


1.55 


4.9 


1.5 


30 


5.8 


UP2008(167) 


0.23 


, 0.94 


0.24 


0.42 


1.45 


UP2088 (205) 


11 


| 8.5 


12 


16 


14 



Claims 



35 



1 . A compound of the formula 

H /=N 



N:=r\ H 



MeO 




45 



50 



55 



wherein p is 3 to 5. 

H ie i V [fProoanc-l 3-dryl)dioxylbis[(11aS)-7-methoxy- 

2 Acompoundaccordingtoctaim^^ 

2 . m elh y .i d eno-1.2,3..11-te.rah y dro-5H.pyrro.o[2.1-c||1,4lben,od,azep,n 

caliy acceptable carrier or diluent, 
based disease. 

„ . . . — — . » — — 1 - - 2 • a M * 

viral, parasitic or bacterial infection. 
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of cisplatin-rclactory disease. 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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COiMc 





Figure 6a 
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Figure 6b 
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Figure 7 
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Figure 8 
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74 (MMY-&JG, UP2064) 



Figure 9 
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80{SJG-136 t UP2001) 



Figure 10 
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Figure 1 1 
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Figure 1 2a 
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212 




Figure 12b 
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Figure 13 



115 



EP 1 193 270 A2 




O 
tS5 



Figure 14 
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Figure I 5 
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Figure 17 
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CHjOH 




106 (AG'105) 



Figure 1 8 
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Figure 19 
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Figure 20 
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Figure 22 
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CHiOH 

TROC : TROC 





Figure 24 
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Figure 23 



125 



EP 1 193 270 A2 





Fmoc-HN 



149 



TROC 



H 2 N 



•O 



TROC 




Figure 24 
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Figure 25 
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•inn " 




199 £ 200 Q 



H OH " /- OH 

» 202 O 

201 O 




205 O 



Figure 26 
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Figure 27 
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TrOC 




Figure 28 
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(54) Pyrrolobenzodiazepines 

(57) Compounds of the formulae la and lb: 




(la) 




(lb) 



A— R, 



Ri O 



A-R: 



CO 

< 

o 

CO 



Q. 

UJ 



wherein: 

A is CH 2 , or a single bond; 

FU is selected from: R. OH. OR. C0 2 H. C0 2 R, COH, COR. S0 2 R, CN; 

Re. Ry and Rg arc independently selected trom H, R, OH. OR, halo, amino. NHR, n,tro. Me^Sn; 
and R e is sefected from H, R. OH. OR, halo, amino. NHR. nitro, Me 3 Sn, whore Ft ,s as defined above^ or the 
compound is a dimcr with each monomer being the same or ditforen. and beng of formula la or 'b. where the R, 
groups o. the monomers form together a bridge having the formula -X-R--X- hnkmg the monomers, where R i an 
alkylenechaincontaining.rom 3 to 12carbon atoms, which chain may be interrupted^ ' oneo ; m 7;^™ e a D t °7 
a nd/or aromatic rings and may contain one or more carbon-carbon double or tnp.e bonds, and each X » .ndepend 
entry selected from O. S, or N: 

except that in a compoundof formula la when A is a sing.e bond, then R 2 is not CH=CH(CONH 2 ) or CH=CH(CONMe s ). 
Other related compounds are also disclosed. 
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